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A true, practica} advance in lighting 
economics and efficiencies: the new 


Westinghouse slimline lead-lag ballast 
... the only ballast of its kind 


Once upon a time, ballast manufacturers considered 
lead-lag slimline ballasts as impractical to push be- 
cause of weight, cost and size. Westinghouse has changed 
all that. New design and engineering have made 
weight, cost and size comparable to series ballasts. 
These new Westinghouse engineering advances, plus 
the manifold advantages always inherent in /ead-lag 
make its choice by users of fluorescent lighting a matter 
of common sense and sound economics. Here's why: 
1. Independent lamp operation. You have an accu- 
rate check on lamp burnouts—no premature 
replacement. 
2. Maximum lamp life. Tests show savings in lamp 
life when compared with serics ballast operation. 


3. Low installation cost because of. simple 


wiring, new light weight and new small size. 

4. Stroboscopic effect eliminated. Competent author- 
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... that dangerous “stop-go illusion” can happen 

in industrial operations under certain conditions. 
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Westinghouse /ead-lag ballasts in any fixture you buy 
.. or to replace old, less efficient ballasts. The 
Westinghouse /ead-/ag is available for both slimline 
and preheat fluorescent lamps. Phone your nearest 
Westinghouse office for full information or write 
Westinghouse Electric Corporation, P. O. Box 868, 
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Characteristics of Phosphors 


N CONTEMPLATING this article on phosphors, 
the first thought was to try to compose it under 
the title of “20 Questions.” I had read that 20 
adroitly posed and answered questions could sur 
round the essence of most any subject. After asking 
only half a dozen people what questions they might 
like to have answered about phosphors, I ran up a 
list of 40 or 


answered “ves” or “no.” 


more . none of which could be 
or even by a Fleschian 
composed sentence or two. Perhaps all could be 
composed into 20 astute questions, but lacking such 
talent, a few major ones seemed to pop up predomi 
nantly : 


What causes phosphors to glow! 
What chemicals make good phosphors and why? 
How are phosphors made or processed ? 

J 


Hlow do we stand on phosphor efficiency 
What can we expect in the future? 


In this instance, I am acting as moderator of the 
panel of questioners, doing a free-lance interpreta 
tion of answers supplied by phosphor experts; in 
other words I will skip the mathematical and chem 
ical formulas and integral equations that dismay 
my intelligence but which many IES’ers might gulp 
down and digest with relish. 

Few people ever heard of the word “phosphors” 
before the introduction of the fluorescent lamp, 
even though knowledge of light-glowing materials 
is recorded in the earliest historical writings. The 
word means “light bearer” and was so applied first 
about 350 years ago when an Italian experimenter 
noticed that some rocks he had pulverized and 
heated were so changed that they seemed to glow in 
the dark. 
isolated. This tended to glow in the dark and even 


A few years later a new element was 


burst into flame on exposure to air and because of 
its properties was named “phosphorus.” It was 
learned later on that the cause for the glow from 
these two phosphors is entirely different. The glow 
from the element phosphorus results from the light 
given off when it burns in air and is now called 
chemical (or chemi-) luminescence. This property 
of ready combustion led to the development of the 
friction match in 1827. The glow from the Italian 
phosphor was not chemical at all. In this case the 
phosphor was just a medium of exchange, like a 


AUTHOR Lamp Division, General 
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By C. E. WEITZ 


One of a series of articles on the characteris- 

tics of materials used in the lighting industry. 

Here many questions on the nature, process- 

ing and uses of phosphors are answered by 
one who has ‘quizzed the experts.” 


transformer. It stored and gradually converted the 
ultraviolet energy present in the sun’s rays into 


We now 


call this by the single word, luminescence. The 


visible light long after the sun was down 


phosphors used in the early development of the 
fluorescent lamp did not make use of the element 
phosphorus at all. Some present-day phosphors 
happen to use a variety of phosphates — not phos 
phorus as such. Other phosphors are composed of 
various inorganic chemical combinations such as 
silicates, borates, tungstates, sulfides, germanates 
and others. 

While observations of the light-giving properties 
of hundreds of organic and inorganic materials 
date back centuries, it may be said that scientific 
studies and appraisals began a little over 100 years 
ago. Since then the fluorescing characteristics of 
liquids and solids exposed to radiant energy 
visible or invisible —- have become a significant part 
of the structure of chemistry and chemical analysis 
As a matter of fact, “X-rays” 


(1895 


were discov ered 


when radiation from the experimental 
cathode-ray tube caused some fluorescent materials 
in an adjoining room to glow. This was about the 
same time Edison experimented with a fluorescent 
lamp. Nothing came of Edison’s fluorescent lamp, 
and in the 1921 LES 


unless someone discovers a means of 


Transactions a scientist 
wrote ~ 
making luminous bodies that are vastly brighter 
than the best now known, luminescence may be 
excluded altogether as a factor in artificial light 
ing.”’ Nevertheless, fifteen years later fluorescent 
lamps had become a reality. They had ten times the 
efficiency of the lamp Edison experimented with, 
and three times the efficiency of present-day tung 
sten filament lamps. And fifteen years /ollowing 
their commercial introduction in 1938, it was fig 
ured that in the U. S. the lumen hours generated 
by fluorescent lamps had grown to exceed the lumen 
hours generated by all other artificial light sources 

Don’t get the idea that all this came about 
through development of phosphors, as implied by 
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the scientist quoted above. Actually, the key was 
the development of an efficient source of activating 
radiation which turned out to be a very low 
pressure mercury-vapor are lamp. Such sources by 
themselves generate light at an efficiency of only 
about five lumens per watt but transform 60 per 
cent of the electrical energy entering the lamp to 
invisible ultraviolet (wavelength equivalent; 2537 
Angstroms) to which phosphors are tuned. 


Prior to the fluorescent lamp, most scientific 
literature on phosphors was related to luminous 
X-ray 


applications of cathode-ray tubes of one kind or 
A relatively few 


sereens for machines and for specialized 
another, such as the oscilloscope 
pounds of laboratory produced phosphors took care 
ol all 


judged by the lighting engineer, was of secondary 


commercial requirements. Efficiency, as 


importance, Since then, phosphors have become the 
heart of several great products of industry whose 
value in 1953 exceeded two billion dollars for ex 
ample, 85 million fluorescent lamps, seven million 
or more television picture tubes, plus X-ray, oscil 
loscope and radar sereens. Phosphor production 
today is recorded in tons instead of pounds Color 
TV will probably triple phosphor usage for pic 
ture tubes and make new precision demands for 


eolor balan a of phosphor emission 


What Makes Phosphors Phos? 


This, of course, is easy for anyone who compre 
hends and can interpret those interlaced circles and 
electron orbits so common in electronic and popular 
science articles, Most people have been exposed to 
popular astronomy, so they can easily comprehend 
these diagrams as far as the earth and heavenly 
bodies are concerned. It takes a little more imagi 
nation to conceive that these things are taking place 
with somewhat the same freedom among com 
ponents of atoms that are as closely compacted as 
solid rock. It seems, however, that one must yield 
to this concept to understand why materials, or- 
vanic or inorganic, in solid, liquid or gaseous state, 
vive out light under a bombardment of free elec 
trons, or when acted upon by radiant energy 

In these celestial type diagrams, the component 
electrons are pictured as normally circling the 
nucleus in a variety of orbits. Turn loose a lot of 
free energy such as from an X-ray tube, a cathode 
ray gun, or from a fluorescent lamp discharge, and 
this energy will displace the electrons blithely cir 
evulating in their rock-like orbits and knock them 
out of position These displaced electrons receive a 
lot of outside energy, and, as they vibrate back to 
their normal position, they give up their energy by 
radiation at different frequencies like a row of 
piano strings struck by a hammer 


Weitz 
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This secondary radiation will be at a lower fre- 
queney because some of the energy of these activat- 
ing electrons has been lost by contact with the phos- 
phor ions. Thus it comes about that electrons which 
are displaced by energy of high frequency, such as 
(2537A in 


reradiate energy at a lower 


cathode rays or ultraviolet radiation 
fluorescent lamps), 
frequency to which the eye is receptive and we call 
it light. The inherent loss of energy in transferring 
from the higher frequency radiation (2537A) to 
lower frequency visible wavelengths (4000-70004 ) 
is known as the quantum loss. According to the 
physicists today, this quantum loss or efficiency is 


in a fixed ratio for each wavelength generated. 


Terms — Luminescence, Phorphorescence, 
or Fluorescence 


Production of light electronically is called “lumi- 
nescence” as contrasted to incandescence where 
light is produced by heat alone as in a filament 
Under luminescence, two terms, phosphores- 
There is 


lamp 
cence and fluorescence, are introduced. 
little agreement as to where one begins and the 
other ends. Phosphorescent materials are regarded 
as those which persist in light-giving properties for 
a fraction of a second or a few minutes or hours 
after the source of activation has been discontinued. 
It seems that in this case some of the electrons get 
trapped and are held up in getting back to their 
normal orbits. Fluorescence, on the other hand, 
assumes that the radiation of light occurs at the 
same time as the exciting radiation. For example, 
jab your finger into an inflated toy balloon and the 
rubber snaps back into normal shape before your 
finger can leave the rubber. Squeeze a heavier 
rubber or plastic bulb dispenser and it may be sev- 
eral seconds before the bulb resumes its normal 
shape. This illustrates the difference between fluo- 
rescence and phosphorescence, but the reason is not 
scientifically the same. But that is the idea, at 
least. There is no precise boundary between phos- 
phorescence and fluorescence and perhaps there is 
Slight 


properties are a good thing in 


no reason for any precise differentiation. 
phosphorescent 
fluorescent lamps as this tends to reduce the flicker 
effect, and this accounts for the difference in flicker 
between lamps using different phosphors or on cir- 
cuits of different frequency. Phosphorescent phos- 
phors are important in television picture tubes to 
earry over the picture images for a small fraction 
of a second. It must not carry over more than 
1/30th of a second because it must be ready to 


produce new picture responses 30 times a second. 


Such qualities are the subject of a contemporary 


phosphor research. 
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TABLE I.—Fluorescent Lamp Chemicals. 


Emitted Emitted 


Sensitivity 
Range Peak 


Exciting 
Range* 


Lamp 


Phosphor Color 


4400 
6100 
4800 
5250 
5800 
5950 
6150 
6500 
3600 


8250 


3100-7000 
5000-7200 
3600-7200 
4600-6400 
3500-7500 
4800-7400 
5200-7500 
5600-8300 
8200-4500 
2700-4000 


2200-3000 
2200-3000 
2200-3200 
2200-2960 
1800-3200 
2200-3200 
2200-3600 
2200-3600 
2200-3200 


2200-2650 


Calcium Tungstate Blue 
Orange 
Blue- White 
Green 
White 
Cadmium Silicate Yellow-Pink 

Cadmium Borate Pink 
Calcium Phosphate Deep Red 
Calcium Phosphate Blue Ultra 


Calcium Silicate 
Magnesium Tungstate 
Zine Silicate 

Calcium Halo Phosphate 


2500-2800 


2475 


Calcium Phosphate Blue Ultra 


*Limits of measurements 


Fluorescent Chemicals 


The first modern fluorescent lamps used willemite 
orthoscilicate) from mines in 
Chemical handbooks list the 


ore (natural zine 
Franklin, New Jersey. 
fluorescing properties of thousands of chemicals, 
both organic and inorganic. Only inorganic mate- 
rials are used for lamp phosphors. Those most com- 
monly used are given in Table I along with their 
radiation characteristics, 

While many rocks may fluoresce fairly brilliantly 
in their natural state, the improvements in lamp 
efficiency due to phosphors have been due to puri- 


fying and processing refinements. In other words, 
the natural materials are taken apart and each 
element is reduced te absolute purity and put back 


tegether again in varying proportions. Strangely 
enough, while the basic phosphor materials demand 
the utmost in purity, most of them will not 
fluoresce until an impurity called an “activator” is 
added. This is usually a compound of some metal 
such as copper, silver, manganese, antimony, bis- 
muth, or thallium. These impurities serve not only 
to trigger the excitation but are the source of the 
luminescence as well. An activator may, in some 
eases, as in TV phosphors, assert itself when com- 
prising only one part in ten thousand, but in most 
lamp phosphors may be as high as several per cent. 
It is the electrons in the outer orbits of these activa- 
tor atoms which are the source of the luminescence, 
as mentioned above. The calcium phosphate for 
example, in which the activator is crystallized is 
simply an envelope or housing to hold the activator. 
The structure of this crystal housing is, however, 
very important. 

It is pretty tough for a person whose knowledge 
of chemical formulas may be limited to H,O (wa- 
ter) or NaCl (table salt) to understand fully the 
chemistry involved in phosphor research, or in the 
complexities of phosphor making. Only inorganic 
materials are used as lamp phosphors because or- 
ganic materials break down under high processing 
temperatures. There are 3000 or more (the number 
is ever expanding as research continues) inorganic 
phosphor compounds to choose from, but only a 
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relatively small number are presently important 
for lamps and other fluorescent applications. These 


are: 


Sulfides of zinc, cadmium, calcium, strontium 
Tungstates of magnesium, calcium, cadmium 
Silicates of zinc, calcium, cadmium 

Borates of zinc, cadmium 

Germanates of zinc, magnesium 

Phosphates of calcium, cadmium 


The choice of phosphor materials is guided by the 
sensitivity of the phosphor compound to 2537A 
radiation. The real test comes from examination of 
its luminous efficiency, its spectral distribution, its 
stability in spectral emission. Its ability to with- 
stand high processing temperatures is essential. 
The extent of its after glow characteristics (some- 
times desirable, sometimes not) is also important. 


Phosphor Versatility 


It will be noted in Table I, for example, that 
calcium phosphate phosphors show quite a variety 
of characteristics. Since this is true, they serve as 
a good example to illustrate phosphor characteris- 
tics and the major steps in processing. Calcium 
phosphate is now the basic phosphor structure for 
the high-demand types of “white” fuorescent 
lamps. It represents 85 per cent or more of phos- 
phor tonnage. Remember now that it is the “acti- 
vator” additive that does the fluorescing. Fig. 1 
demonstrates this nicely. The family of spectral 
emission curves shows the differences in the color 
quality of light that are caused by the amount of 
manganese added to the basic calcium phosphate 
phosphor. The range of these curves extends from 
no manganese to 14% per cent. This shows how 
precise measurements must be to achieve the spec- 
tral quality of light standardized upon. And this 
in turn regulates the lumen output or lumens per 
watt efficiency ratings that lamp and lighting peo- 
ple are most familiar with. That is the reason why 
phosphor people talk in terms of grams and milli- 
grams of this and that—- why you see precision 
scales all over the place — each frequently checked 
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for accuracy. Pounds and ounces are more familiar 
terms to me, and I suspect to you, too. 

For deluxe white lamps and for the various col 
ored lamps, other phosphor compounds are used, 
either as phosphor mixes or as special single com 


ponents 
Chemicals Into Phosphors 


Let's follow through the principal manufacturing 
steps for the big-tonnage calcium phosphate phos 
phors 

Calcium phosphate is a very common commodity. 
By itself it does not fluoresce. Bones are 58 per 
cent calcium phosphate, Natural live teeth fluoresce 
beautifully under black light. (Dead teeth do not 
the activator, whatever it might be, has disap- 
peared Mining phosphate rock, most of which 
goes into commercial fertilizer, is a big business. 
The raw material costs about a cent a pound or less. 
But by the time calcium phosphate is processed into 
fluorescent lamp phosphors, with the addition of 
other ingredients, it is worth several dollars a 
pound. Some phosphor ingredients, such as ger- 
manium, cost as much as $3.10 a pound. However, 
the calcium phosphate used in fluorescent phos 
phors does not derive from the big trade in ealeium 
phosphate rock used for fertilizer, because such 


natural minerals contain so many impurities. 
Chemists say that it is easier and less costly to get 
pure calcium phosphate by other chemical means 
They start with caleium chloride powder bought 
from chemical concerns in 100-pound bags just as 
you might buy a bag of cement or plaster. It costs 
about a dollar a bag for the kind you would buy as 
a substitute for salt on icy streets, or lay dust on 
dirt roads in place of oil. Grades of various purity 
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Figure 1. Calcium halophosphate 

phosphors. (Change in spectral 

distribution with varying man- 
ganese content.) 


can be bought, but the purest of them must further 
be purified when used as a phosphor. 

For the phosphate part, chemical companies sell 
bags of di-ammonium phosphate. Its source is 
phosphate rock treated with acid and ammonia. It 
is used for fireproofing of materials, medicinal com- 
pounds and fertilizers. The “food-grade” used costs 
about 10 cents a pound and this must be further 
purified for phosphor use. 

It is obvious, therefore, that the materials used 
for phosphors are used for many other purposes, 
and chemical companies may produce several mil- 
lion tons a year of such constituents as calcium 
chloride and phosphoric acid. Thousands of tons of 
other materials in phosphors may be produced for 
other uses. While commercial grades of some chem- 
icals might perchance fluoresce, they would be of 
doubtful efficiency. Others might not fluoresce at 
all, because of the lack of a proper activator. The 
first step, therefore, is purification. The process 
varies with each type of phosphor but in general 
it involves the following steps. Some of the prin- 
cipal steps in phosphor processing and testing are 


shown in the photo-caption sequence. 


Chemical Purification 

To purify commercial grades of caleium chloride 
the powder is placed in glass lined tanks and dis- 
solved in water preparatory to the removal of im- 
purities. In the purification process de-ionized 
water is used to be sure it is free from all impuri- 
ties, particularly iron, since one part of iron in 
a million parts of phosphor produces detectable 
loss in lumen output 

Di-ammonium phosphate is purified and then 
precipitated with the caleium chloride to yield eal- 
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Inside a Phosphor Factory... 


. Stacks of 100-pound bags of calcium chloride and 

di-ammonium phosphate wait their turn to go into 

the large glass-lined treating tanks for solution and puri 

fication. Precipitated into pure calcium phosphate solu- 
tion, it goes... 


. into this continuous filter and 

dryer, out of which comes the flour 

like phosphor powder. Put into huge 
square tanks which go up to... 


3 ... & battery of micro-switch weigh- 
ing machines, from which the powder 
is screw-fed into the... 
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..» blender, into which go the calcium 
4 phosphate and additives of calcium 
carbonate, and most important, the activa- 
tors such as antimony oxide or manganese 
carbonate, also, (if the product requires) 
fluorine or chlorine. After thorough firing 
the powder is ready for... 


.) — 


.. + firing, where the man puts several pounds of the 
5 blended powder into silica dishes, which will with- 
stand temperatures over 2500F without melting, and after 
a slow, high-temperature baking, into the... 


couple of hours of churning, flint-rock 
pebbles break the phosphor crystals to a 
precise size. The phosphor is now ready 
for.. 


6 . » » ball-milling machines, where in a 
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cium phosphate. Heated to drive off moisture and 
dried, the calcium phosphate is in a soft, lumpy 
form which is run through a pulverizer to reduce 
to finely divided powder. 


Blending and Ball-Milling 


More calcium in the form of calcium carbonate 
(like powdered limestone) is also added. So cal- 
cium phosphate and calcium carbonate, precisely 
weighed, go into the blender. To this is added the 
activators—let us say about two per cent antimony 
oxide and two per cent manganese carbonate ; these 
are really measured very exactly. The first adapts 
the phosphor or tunes it to the 2537 radiation as 
well as creating luminescence. The manganese in 
varying proportions regulates the light emission as 
far as the precise spectral quality of the light is 
(See Fig. 1.) All these chemical com- 
ponents are thoroughly 


desired. 
mixed together in the 
blending machine somewhat like one would do at 
home with an electric mixer to blend mashed pota- 
toes, milk, butter, salt, pepper, onion or anything 
else that is needed to meet a standard of taste per 
fection. 

The phosphor blend goes to the ball-milling 
machines (rotating drums containing marble-sized 
pellets of flint rock) whose function is to reduce 
the phosphor erystals to proper size. This treat 
ment lasts for about two hours 
Firing 

From the blending machines, a few pounds of 
the mechanically mixed ingredients are put in silica 
dishes and loaded on to a conveyor line that leads 
through an electric oven. The purpose is to synthe- 
size the erystals — that is, to form a single erystal 
or lattice structure, each of which contains all of 
the ingredients. The heat treatment lasts for a 
couple of hours at about 2175°F 

The firing drives off the oxides, carbonates and 
other volatiles present in the activators. The firing 
temperatures and time are very critical as phosphor 
efficiency and spectral distribution is related to 
both time and temperature. The phosphors won't 
work at all unless a certain minimum firing tem 
perature is reached. Exact firing time and tem 
perature schedules are followed. Excessive firing 
may destroy phosphor performance 


Make-Ready for Lamps 


After the firing the phosphors are then mixed 
with a solution of nitrocellulose in an organic 
liquid. The small amount of nitrocellulose acts as 
a binder or suspending agent. This phosphor 
binder mixture has a light creamy consistency and 
is again put into a ball-mill to reduce final phos 


phor particles to proper crystal size, that is, from 
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. . . test of the powder for brightness and spectral 
7 emission, after which test lamps are made up and 
photometered for lumens-per-watt efficiency. Next... 


three hours, turned off 15 minutes, until they burn 
out, to establish nominal average life ratings. Taken off 
and photometered at intervals during life yields the 
familiar maintenance-throughout-life curve. 


NS ... sample lamps are burned on test racks; lighted 


two to eight microns in diameter This is about the 
fineness of ordinary flour. 

Inorganic phosphors fluoresce only when in erys 
tal form, and some of the erystal lattice structures 
may be quite complex. For a person who visualizes 
erystals as in a handful of rock salt, tet us say 
hastily that the chemist measures crystal size in 
terms of microns, which in my language converts 
A micron is rough 


When ball-milled too 
broken or 


to a millionth of an inch basis 
ly 39 millionths of an inch.) 
fine, individual crystals may be frac- 
tured, and may lose their fluorescent property 
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Crystals not milled enough, form masses too large 
for full exposure to the exciting radiation, and are 
less efficient. The coating of a single 40-watt lamp 


will contain several billion phosphor particles 


Testing for Efficiency and Spectral Quality 

It will be evident from what has been said that 
the making of phosphors is a precision job at every 
step — purification, weighing and mixing, firing 
time and temperature, and ball-milling to size. 
Slight variations anywhere along the line can cause 
detectable differences in phosphor efficiency and 
finally in the lumen output of the finished lamp. 
To be sure something hasn't slipped up in the 
various stages of processing, each batch of phos- 
phor is tested for brightness and color. This is 
done both on the finished dry powders, and by 
making up sample lamps which are subjected to 
spectrometric measurements. As each batch passes 
its tests, the phosphor is approved for use by the 


lamp factories, 


In the Lamp Factory 

Phosphors in finished form may be bagged as dry 
powder and shipped to the lamp factories, or may 
be shipped as a suspension, that is, already mixed 


with the binding solution. Here the phosphor sus- 


pension is introduced into automatic bulb filling 


machines, where the suspension flows down into the 
glass tubing and coats the inside. It must be 
cheeked closely for proper viscosity in order to coat 
evenly not too thin not too thick 
thickness, let us say, of a thousandth of an inch. 


If the coating is too thin, the full effect of the 2537 


an average 


radiation is not utilized; if it is too thick, this 
diffuse coating absorbs too much of the generated 
light. A pound of phosphor powder will coat about 
125 forty-watt lamps — 3.6 grams per bulb 

After the tubes are coated with the milky-white 
solution, the final step is lehring — that is, oven- 
drying to drive off all the binding and suspension 
materials. Ovens operate at as high a temperature 
as the glass will stand somewhere between 500 
600°C. The drying takes only a minute or two. 
Sample lamps are made up and measured with a 
reflectometer to check on coating density or thick 
ness 

The photo story, it seems to me, tells pretty well 
the general steps in making phosphors. It doesn’t 
go into all of the details that the physicists and 
chemists recited to me. They stressed the impor- 
tance of all of ‘he little attentions to this and that 
along the line. For example, specialized phosphors 
are processed in entirely separate equipment for 
fear of contamination; air in the factory is electro- 
statically filtered and completely changed every five 
minutes -— with temperature and humidity regu- 
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lated. But these are just the sort of attentions that 
must be given to all sorts of minute details that 
have brought about the refinements in spectral 
quality and the increases in luminous efficiency 
over the past 15 years. 

Involved also in the phosphors plant are the in- 
struments for measuring performance all along the 
line. The spectrograph and analyzer are used by 
the chemist to determine the degree of purity of 
the chemicals involved. This makes recordings on 
photographic film of the characteristic line radia- 
tion of various elements. For analysis of the lamp 
output, the recording spectrophotometer traces off 
the relative amount of energy (watts) radiated in 
any small segment (usually 100-Angstrong bands) 
of the visible spectrum. That is how lamp efficien- 
cy is determined. 


How Are We Doing 
on Phosphor Efficiency? 


Pretty well. The 96-inch T12 warm white lamp 
is presently rated at about 71 lumens per watt. 
Compare this with the theoretical maximum of 105 
lumens per watt, theoretically possible if we make 
no allowances for what we sense as other inevitable 
The 96-inch T8, 120 ma lamp rates approxi- 
Let’s resort to the 


losses 
mately 77 lumens per watt. 
familiar bar chart in Fig. 2 and examine this with 
further comment: 


Bar 1. The physicist and the eye have established this 
limit of 680 lumens per watt for yellow-green light. (Used 
to be 621 until a few years ago when new calculations set 
ip the higher value.) That means that all energy radiated 
would be at the single wavelength of 5550 Angstroms, if we 
could devise a lamp to do this. 

Bar 2. But no one wants to live under yellow-green light 
sodium vapor lamps produce only in this region). The 
physicists’ pure white light is based on equal amounts of 
energy (watts) being radiated at each wavelength throughout 
the visible spectrum. Top efficiency for this condition is 
ealeulated to be 220 lumens per watt. And we haven’t yet 
contrived a lamp that would give such a distribution, and 
there is little need for such. The 388 lumens per watt shown 
is the maximum efficiency obtainable if every watt put into 
a lamp was turned into light of the color quality of warm 
white lamps. 

Bar 3. Here's where the quantum conversion loss comes 
in. The loss in wattage in converting from 2537A incident 
energy to the longer wavelengths is directly proportional to 
the ratio of 2537A to the reradiated wavelength (from 
2537A to 5O074A, for example, the loss would be 50 per 
cent). In the case of the warm white lamp, the loss is 
proportional to its integrated energy distribution curve, 
lower for shorter wavelengths, higher for the longer, but the 
net conversion efficiency for this particular lamp is 45 per 
cent. This explains the 174 lumens per watt. 

Bar 4. Only 60 per cent of input wattage is converted 
into radiant energy that acts on the phosphors. Remember 
the key to the success of the fluorescent lamp was the devel 
opment of a low pressure mercury vapor are that radiated a 
lot of its energy at a single wavelength to which phosphors 
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Figure 2. Efficiency losses in standard 





warm white lamps. (Losses from limit 





of 680 lpw to rating of approximately 
77 lpw are explained in the text.) 











could be adjusted to respond. Any improvements over the 
60 per cent efficiency known today would be a direct propor 
tional gain, but not related to phosphor potential. Assuming 
no further advance in discharge efficiency, this knocks down 
the phosphor part to a theoretical maximum of 105 lumens 
per watt. 

Bar 5. 
the losses of the light generated by the phosphor are inevi 
table. No fault of the phosphor 
to get out of the bulb. Maybe a per cent or so improvement 


e 


It seems only sensible to suppose that certain of 
just losses of light trying 
might be effected by some unknown scheming. So we arrive 
at about 90 lumens per watt as far as the phosphor might 
be concerned 

Bar 6. 


white lamp operated at 120 milliamperes are approximately 


Efficiency ratings today for the 96-inch TS warm 


77 lumens per watt. This might apply to all the various 
lamp types if there were not limiting factors such as lamp 
watts, lengths, diameters, current loading and other practical 
considerations not concerned with the phosphors themselves 
Today’s phosphors, it appears, are hitting between 80 and 
90 per cent of theoretical efficiencies. The area of possible 
improvement lies principally in elimination of phosphor 
crystal imperfections, that is, in sereening out the bad ones, 
and perhaps tuning the others more critically so that all re 
Minor 


losses of energy now occur in some re-radiation in the ultra 


radiated energy falls within the visible spectrum. 


violet and infrared regions. This energy, of course, does 


not produce Jumens. 


What Can We Expect in the Future? 


The foregoing chart analysis has been presented 
at some length, because it has been a favorite topic 
among lamp and lighting folks to discuss how far 
we have gone in lamp efficiency, and how far we 
are below the theoretical maximum. During this 
75th anniversary year, particularly, the public is 
being barraged with the story of artificial lighting 
progress : Edison’s first lamp, producing 1.4 lumens 
per watt, then up to 4 for the metallized carbon, 
8-20 for tungsten, 30-65 for mereury, 25-80 for 
short of the 200-300 or 680 


lumens per watt held up as a goal. Some folks get 


fluorescent still 
the idea that lamp makers could double lamp effi 
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cieney any time they were so minded, considering 
the long gap between the theoretical and today’s 
practical. The fact is that even with the phenome 
nal fluorescent lamp, we are getting close to the 
physicists’ bumper post at the end of the line as 
we know it today. But the physicists and chemists 
caution that some discovery might come about that 
could obsolete their handbooks 

As of today, one might conclude that we have 
pretty good fluorescent lamps now why not let it 
go at that and not worry about a few more lumens 


On the other side of the argument is the fact that 


people are today buying more than a billion dollars 


worth of fluorescent light each year. If phosphor 
research increases efficiency only one per cent, this 
means 10 million dollars worth of light (minus the 
cost of improvement research) free to the public 
If we could squeeze out another overall 10 per cent 
lamp efficiency increase, it would mean an extra 
100 million dollars worth of light a year at the 
present going rate of usage and more each year in 
the future as lamp demand increases. 

It will be sensed from the foregoing that among 
the interrelated variables the phosphor researcher 
has a million or so combinations to examine criti 
cally before he works himself out of a job in his 
effort to dredge the ultimate in phosphor perform 
ance for lamps. In the meantime, new phosphor 
applications are already bearing down, color TV is 
with us now electroluminescence is in infanes 


others yet unconceived are inevitable. 
{Eprror’s Nor: rhis article is one of a series on the 


characteristics of materials and services relating to the 


lighting industry Previous articles in the series are 


“Characteristics of Plastics, “(‘haracteristics of 100 
Degree White Baked Enamel Finishes,” “Characteristics 
of Alzak Aluminum,” “UL 
‘Characteristics of Tungsten,” “Caleulating Sound-Absorb 


ing Effect f Acoustical baffles,“ 


planned for gia re, quartz, ete 


ind the Lighting Industry,” 


Future articles ire 


Characteristics of Phosphor § Weil 





Looking down at driveway to General Assembly building. 


Ramp entrance to the UN garage. 


Lighting at the U. N. Grounds 


S*EVERAL techniques have been used at the 
United Nations buildings in New York City to 
light the main entrance and to provide dramatic 
illumination for the garden area 
wall-mounted roadway 


Two different types of 


lights are used at the main approaches in the 


driveway in front of the General Assembly building 


t 


Floodlighted trees in garden area. 
mounted in concrete block. 


Inset shows unit 


Lighting at the UN Grounds 


and along the ramp entrance and exit to the UN 
varage 

On the driveway to the General Assembly build- 
ing, cast aluminum units contain Alzak aluminum 
reflectors, with 200-watt incandescent lamps, inner 
lenses of asymmetric fresnel type and outer pris- 
matie lenses. The unit has a hinged door for easy 
relamping and an adjusting screw for beam con- 
trol. These wall-mounted luminaires are mounted 
below eye level of both pedestrians and motorists 
to minimize glare and concentrate the light on the 
road area. 

Ramp lighting is by flush-mounted units, espe- 
cially designed for this installation, so installed 
that successive beams overlap, minimizing shadows 
cast by moving cars. These 11 x 13-inch rectangular 
aluminum housings, with aluminum cover and 
prismatic lens, use 200-watt standard incandescent 
lamps. 

Highlighting the avenue of trees along the East 
River side are 44 water-tight floodlights, mounted 
flush in the ground in concrete blocks using the 
principle of lighting foliage from below. This is 
considered more effective than lighting from above, 
since the underside of the leaves of most trees is 
lighter in color than is the upper side, reflecting a 
The floodlights, con- 
taining 200-watt lamps, are located in the center of 


higher percentage of light. 


the space between each two trees, so the trees are 
lighted from two sides. Due to the location of the 
lights in the beds of ivy, they are inconspicuous 


during the day. 


Photos and data courtesy of Crouse-Hinds Company, Syra- 
euse, N, Y. 
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Effect of Temperature on Electrical and Color 
Parameters of 40T12 Fluorescent Lamps 


Introduction 


ARIATIONS in ambient temperature have 

been found to have an appreciable effect on 

both the color and efficiency of fluorescent 
lamps. This effect on efficiency has been studied 
extensively. A partial bibliography is given in the 
list of references.':*:*-*-5 These studies have led to 
a continual urging of fixture manufacturers to 
provide adequate ventilation in enclosed fixtures 
in order to take advantage of the increasing effi- 
ciency which the lamp manufacturers have worked 
so hard to acquire. 

The effect on color is not so well documented and 
heretofore little data were available on which to 
predict the color shifts which might be expected 
with the variation of ambient temperature, and 
what might be done to compensate for it. For 
example, in an installation of fluorescent lamps in 
an air-conditioned store, the lamps immediately in 
front of the cold air inlets were off-color and dim 
compared to the rest of the lamps. 

The present study was undertaken to obtain 
quantitative data on the performance of present 
day lamps and to determine the cause of the ob 
served color shifts in an effort to minimize or elimi 
nate them. Only 40-watt T12 lamps were used in 
this study. The effect of temperature on the per- 
formance of other sizes is similar in nature, but 
the temperature of peak performance may be dif 
ferent as indicated by some of the other investiga- 


tors.4:*4 


Experimental Procedure 


A 40T12 fluorescent lamp was fully enclosed as 
shown in Fig. 1. Compressed air was passed 
through a temperature control unit and let into 
the lamp enclosure at the top. An exit hole for the 
air was furnished at the bottom of the box. The 
temperature control unit consisted of a dry ice and 
acetone bath for temperatures below room tem 
perature, and an electrically controlled air heater 
for temperatures above room temperatures. The 
air flow was sufficient to keep the temperatures at 


top and bottom within 3°C of each other 
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Effect of Temperature on Fluorescent Lamps 


By CHARLES W. JEROME 


A window in the enclosing box at the center of 
the lamp allowed light to fall on the entrance slit 
of the spectroradiometer® used to measure the 
spectral energy distribution (SED) of the emitted 
light. A thermocouple was hung in the air stream 
at the mid-point along the lamp to measure the 
ambient temperature and a second thermocouple 
was fastened against the lamp itself to measure the 
bulb temperature. 

In operation, the ambient temperature was 
brought to a predetermined point and maintained 
for 15 minutes to allow the system to 
It was found that the system 


constant 
come to equilibrium 
stabilized fairly well in 5 to 10 minutes, but the 
full 15 minutes was allowed for each setting to 
insure complete stability. At the end of the stabil- 
izing period, the electrical parameters of the lamp 
current, lamp volts, and lamp power) were noted 
and the SED curve run. A new ambient tempera- 
ture was then established and the above procedure 
repeated. This was continued until between 10 and 
15 measurements had been made covering the range 

10°C to 115°C. 

In this study ambient temperature has been used 


as the independent variable. However, bulb tem- 
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Apparatus for measuring temperature effect. 


Figure 1 
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peratures have also been noted in each case. It has 
been found that the bulb temperature has run con 
above the ambient 


Above 


that point the difference between the two tempera 


sistently approximately 15 


temperature up to about 70°C ambient 
tures decreases becoming zero at slightly above 
10O'Cc 


used in this study, the two temperatures appear 


Above that point, for the limited range 


to remain essentially the same 

The color parameters for the Cl E color miix 
ture diagram of the phosphor emission, mereury 
from the SED 


curves as has been described previously.’ In this 


are and lamps were computed 


process, the integral, { B\ yda, is evaluated for each 


component and this value was taken as the measure 


of the relative brightness 
The above 


lamp of each of the seven standard and deluxe 


results were obtained for a sample 


“whites.” In the results diseussed below, those 
parameters of the lamps which are common to all 
electrical parameters and the color of the mereury 
are) were averaged together to establish the value 
at any one temperature. Since it was not always 
feasible to establish a particular temperature for 
these measurements closer than about 5°C, espe 
cially with the dry-ice bath, the various parameters 
for each lamp were plotted as functions of the 
temperature and from the resulting smooth curve 
the values at the temperatures desired could be 
determined. This procedure had the added advan 
tage of minimizing any errors in determining the 
experimental points through the drawing of the 
best representative curve 

Since the lamps were not electrically identical, 
the values of the several parameters were measured 


When this is 


done. good agreement is obtained for the effect of 


in percentages of the value at 20°C 
temperature variation on the several lamps 
Results 


Electrical Parameters: 


The effect of 
, 


parameters of the lamps is shown in Fig. 2 


temperature on the electrical 
From 
this figure, it is obvious that an ambient tempera 
ture of 20°C, corresponding to a bulb temperature 
of about 35°C, is the temperature for most efficient 


operation. The current is at a minimum and the 
power consumption is at a maximum, and, as will 
be discussed below, the lamp brightness is at a 
maximum. It is for these reasons that this tem 
perature has been chosen as standard. From this 
temperature up to approximately 80°C, the in 
creased thermal activity results in an increasing 
current, a corresponding decreasing lamp voltage 


and decreasing power. Above 80°C apparently the 
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Figure 2. Effect of temperature on electrical parameters 
(average of all lamps). 


increased pressure in the lamp counteracts the 
increased thermal activity and the parameters 
stabilize. Presumably at some higher temperatures 
the inereasing pressure in the lamp will reduce the 
current to extinction. This will cause the lamp 
voltage to increase, and probably the power con- 
sumption will decrease to zero along with the cur- 
rent. A slight indication of the beginning of this 
trend is shown in the figure. 

The increase in current at temperatures below 
20°C is attributed to the lowering of the pressure 
inside the lamp, an effect which is heightened by 


condensation of mercury out of the are stream. 


Brightness: 


The effect of temperature on the brightness of 
the lamps is shown in Fig. 3. The phosphors in 
these lamps fall into two categories. The standard 
whites are single component phosphors, calcium 
halophosphate ; the deluxe colors and the soft white 
are blends of calcium silicate, zine orthosilicate and 
magnesium tungstate. These phosphors all have 
different coefficients of temperature dependency® 
and it was, therefore, assumed that the effect of 
temperature would be different for each type in 
this case. However, it was found that when the 
brightnesses were expressed as percentages of the 
values at 20°C, there was a surprising similarity 
in the dependence of all the lamps 

In the case of the lamps with a blend of phos- 
phors, there are small differences in the tempera- 
ture dependency of the peaks in the emission con- 
tributed by the several components. These differ- 
ences are sufficient to account for the color changes 
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discussed below, but are negligible compared to 
the overall brightness changes. 

The results shown in Fig. 3, therefore, are the 
average values of all the lamps. The phosphor and 
lamp brightness were very consistent from lamp to 
lamp, but the mereury are brightnesses, especially 
at the high temperatures, varied as much as 15 per 
cent to 20 per cent from lamp to lamp. This last 
variation is attributed to variation in the amount 
of mercury in the individual lamps. With minimal 
amounts, as the temperature is increased all the 
mercury may become vaporized and the effect of 
temperature above that point will be decreased, 
whereas with an excess amount of mercury the 
amount in the vaporized state continues to increase 
with increasing temperature. 

As can be seen from the figure, the phosphor and 
lamp brightnesses are at a maximum at an ambient 
temperature of 20°C with decreasing brightness on 
either side of this point. Since the effect of tem- 
perature on all the lamps is so similar, this varia- 
tion with temperature must be due to some other 
factor than its effect on the phosphor. And the 
most logical assumption remaining is that the effect 
must be a secondary one, resulting from the effect 
of temperature on the intensity of the actinic radia- 
tion at 254 millimicrons. This is supported by the 
data presented in Fig. 4 which shows the effect 
of ambient temperature on the intensity of the 
individual mercury lines in the visible spectrum. 
Three observations can be made from these data: 
1. At temperatures below 20°C, all the lines behave in 

the same manner. 


2. Above 20°C, the effect of temperature is different for 


each line. 














° 


Effect of temperature on brightness (average 
of all lamps). 


Figure 
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Figure 4. Effect of temperature on intensity of mercury 
lines (average of all lamps). 


3. The effect of temperature on the 435 millimicron line 
is very similar to the effect of temperature on phos- 
phor brightness. 

In view of the individualistic behavior of the 
mercury lines, the identity of effects below room 
temperature must again be a secondary effect. This 
effect is attributed to condensation of mercury out 
of the are stream as the temperature is lowered. 
This causes a decrease in the intensity of all lines 
in conformity with the observed data. 

In view of the behavior of the phosphor bright- 
ness, it is assumed that the effect of temperature on 
the 254 millimicron line is similar to its effect on 
the 435 millimicron line. This effect is so strong as 
to overshadow the effect of temperature on the 
phosphors themselves thereby explaining the simi- 
larity of effect on all the phosphors despite their 
different natures. The 254 millimicron line inten- 


sity decreases with decreasing temperatures below 
20°C just as the other lines do and for the same 


reason mentioned above. This explains the decrease 
in phosphor brightness in this range. 

A digression might be in order at this point to 
observe that a so-called “low temperature” lamp 
was tested by this means and was found to conform 
as far as relative brightness was concerned with 
the regular lamps tested. The only difference be- 
tween these two types of lamps is the fill pressure. 
The low temperature lamps have a lower fill pres- 
sure to improve their startability at low tempera- 
tvres. This does result in slightly increased effi- 
ciency but the large effect of the temperature vari- 
ation makes this increase negligible. 

Color: 


The effect of temperature on the color of the 


lamps tested is shown in Figs. 5 and 6. In this 
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5. Phosphors and mercury are on C.LE. color 
mixture diagram. 


case, of course, the results for the individual lamps 
cannot be averaged for a single result except in 
the case of the color of the mereury are. In the 
latter results were ob 


tained with all the lamps especially in the middle 


instance very consistent 
temperature range. This consistency seems to de 
teriorate at the extremes of temperature possibly 
due to an increase in experimental errors in these 
regions and to the different amounts of mercury in 
There 


fore, the values for the mercury are shown in Figs 


the individual lamps as mentioned above 


5 and 6 are the averages of all the lamps 

These data indicate a fair color constancy for the 
phosphors, especially for the single component 
powders. The phosphor blends show a tendency to 
change towards yellow with increasing tempera 
ture. This effect is due to the high temperature 
sensitivity of magnesium tungstate which decreases 
in brightness more rapidly than the other compe 
nents of the blends. This effect is particularly 
marked in the cases of the cool white deluxe and 
soft white which have a relatively high percentage 
of magnesium tungstate; it is not so large in the 
case of the warm white deluxe since this color has 
a relatively low percentage of the blue phosphor 

The very large color shift in the mercury are 
indueed by temperature variation is particularly 
interesting. This shift is many times larger than 
the shifts induced in the colors of the phosphors, 
and accounts for most of the color shift in the 
lamps. In Fig. 6, the curvature towards the blue at 
high temperatures in the lines denoting the color 
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shift is due to the increasing brightness of the mer- 
cury are and the decreasing brightness of the 
phosphor emission in this region as shown in Fig. 
4. This effect is not evident in the deluxe and soft 
white lamps, presumably because the rapid deterio- 
ration of the blue component overcomes the in- 


creasing are brightness. 
Conclusion 


In conclusion, there have been presented data 
showing the effect of temperature variation on the 
electrical parameters, brightness, and color of fluo- 
rescent lamps. The effect on brightness points out 
the major conclusion and recommendation derived 
from this work. That is, fluorescent lamps operate 
most efficiently at ambient temperatures very close 
to 20°C. Each rise of 20 
in a decrease in brightness (.¢., light output) of 
Therefore, fixture 


above this point results 


approximately 10 per cent 
manufacturers can realize a considerable saving in 
light output by providing adequate ventilation 
around the lamps to carry off the heat generated in 
their operation. On the other hand, fixtures for 
use in low temperatures should be fully enclosed 
to conserve the generated heat provided such ae- 
tion does not raise the ambient temperature above 
20°C. 

The color shifts induced by temperature varia- 
tion are primarily due to the effect on the color 
and intensity of the mercury are. At first glance, 
therefore, there doesn’t seem to be much that can 
be done about this except to try to maintain the 
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Figure 6. Lamps and mercury arc on C.LE. color mixture 
diagram. 
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ambient temperatures of the lamps at some con- 
stant value. 
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DISCUSSION 


«©. N. CLarK*: The information presented in this paper is a 
welcome addition to our fund of knowledge. The data on 
light output as affected by temperature are in essential 
agreement with previous similar investigations, and serve to 
re-emphasize the strong desirability of designing fixtures 
enabling the lamps to operate as closely as possible to opti 
mum temperature. 

The data on the effect of ambient temperature on lamp 
color are particularly interesting, not only because of the 
lamp color appearance problem that may develop when air 
currents from the ventilating system blow across some of th« 
lamps or fixtures in an installation, but also because the 
question sometimes arises as to whether the color-rendering 
properties of lamps operated at abnormally high tempera 
tures, because of high lamp current or poor fixture ventila 
tion, are significantly different from lamps operated at more 
normal temperatures. Has the author any comment as to 
what temperature conditions are likely to cause color shifts 
resulting in significant changes in color rendition? 

Other comments and questions come to mind that may be 
of interest. Several of them relate to the test conditions: 

1. Although not specifically stated in the paper, it is to 
be assumed that the lamps were operated on a lag ballast, 
since the current would tend to be much more constant in a 
lead circuit. Would the results be much different for the 
lead-lag or series ballasts commonly used? 

’. Was the rate of air flow in the test box the same at all 
temperatures and was it measured? The differential between 
bulb-wall temperature and surrounding air temperature has 
been shown by Forbes and Diefenthaler (author's reference 
3) to be a function of air velocity as well as ambient tem 
perature. Since bulb-wall temperature rather than ambient 
temperature is directly responsible for lamp operating char 
acteristics, a varying draft would intreduce an error when 
the test results are used to predict operating characteristics 
in still air or in a constant draft 

3. The fact that the bulb and ambient air temperature 
are equal at about 100° C. is intriguing. Under this condi 
tion, how does the bulb lose the heat it receives from the ars 
discharge? Is the temperature of the inside surface of the 


box enough below that of the air inside so that all of th 
General Electric C+ Lamp Div., ¢ 
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heat received by the bulb ean be radiated to the box? Very 
likely this is the case. 
\ few statements appear to be somewhat at variance with 
our own laboratory experience, and may deserve comment: 
1. The data in Figs. 2 and 3 taken together indicate 
maximum efficiency at 20° C. We generally find maximum 


efficiency at 23-25" C, 
2. In the paragraphs under “Electrical Parameters,” the 


terms “increased thermal activity” and “increased pressure” 
appear to be rather ambiguous. The changes occurring in 
fluorescent lamps as ambient temperature varies are due al 
most entirely to changes in the concentration of mercury 
atoms in the lamps, and total pressure has little effect, so 
far as optimum temperature is concerned. This is borne out 
by the last paragraph in the paper under “Brightness,” 
where a lamp with lower fill pressure was tested and “found 
to conform as far as relative brightness was concerned with 
the regular lamps tested.” 

3. The author observes that mereury are brightness varied 
by as much as 20 per cent from lamp to lamp, especially at 
the higher temperatures, although phosphor brightness was 
very consistent. This large variation of are brightness is 
attributed to differences in mereury content of the lamps, 
such that in some lamps all the meeury is vaporized before 
the maximum test temperature is reached. Caleulations indi 
eate that, in a 40T12 lamp at 120° C,, 


of mercury are in the vapor state. It seems unlikely that 


about 7 milligrams 


there would be so little free mereury in a lamp that it is all 
vaporized at this temperature. 

Finally, it may be noted that, although the color shift 
of the mercury are is many times as great as the shift of 
the phosphors according to Fig. 5, its effect on the resuitant 
lamp color is only about 8 or 10 per cent as great as that 
of the phosphors, because of the low luminous efficiency of 
the are. From comparison of Figs. 5 and 6, it might be said 
that shifts in lamp color with temperature in many cases 
depend as much on color shift of the phosphor as on changes 


in the intensity and spectral distribution of the are. 


\. W. Weeks": 
that most electrical apparatus was sufficiently stable so that 


As a Test Engineer, it was my experience 


test data could be repeated. 

Measurements of fluorescent lamps seemed to contradict 
this opinion. However, a recent investigation shows that the 
electrical values of fluorescent lamps can be repeated within 
about the same limits as ineandescent lamps. 

The test procedures which will permit this improvement in 
measurements are available in a new “I.E.8. Guide for Elee 
trical Measurements of Fluorescent Lamps” {see page 267), 
and I strongly urge the authors of any future papers involv 
ing such measurements to consult this Guide. 

I believe that closer agreement of test data between in 


vestigators will result. 


(, M. HoLpen* Mr. Jerome has done an excellent job of 
presenting some very useful material from an application 
standpoint on the 40-watt T12 fluorescent lamp. Interest in 
the effect of temperature on fluorescent lamps is increasing 
as indicated by the number of papers that have been pre 
sented on the subject. This particular paper, besides con 
firming previous data on relative light output, has provided 
the additional information needed for installations where 
color is a major eriterion 


In the section on relative brightness, it is interesting to 


(Champion amp Works, Lynn, Mass 
Commercial Engineering Dept Champion 
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Jerome 





note that the ambient temperature at which maximum light 


output occurs is approximately 68°F. It would seem that 
some consideration should be given to the present lamp 
rating temperature of 80°F. It is possible that recent 
changes in lamp materials and production methods may war 
rant a shift to 68° or 70°. 

Information relative to fluorescent lamp behavior is still 

rather limited, and it is my hope that Mr. Jerome and 
others will continue their work along these lines so that 
others involved in lighting applications will have the needed 
information to better engineer their recommendations. 
J. 8. FPrRanxuin*: The interest shown in the effect of tem 
perature on fluorescent lamps is widespread and indication 
of the need for such information. This paper is another con 
tribution to our store of knowledge. 

My comments pertain to the testing technique employed, 
particularly temperature measurements. Since the lamp was 
operated in the vertical position, bulb wall temperature 
values cannot be compared directly with data in other 
papers where the lamps were operated in the horizontal posi 
tion and the thermocouple attached to the under side of the 
lamp. It is my understanding that the thermocouple was 
cemented to the lamp. We have found very inconsistent 
results with this method and rely entirely upon pressure 
contact which provides consistent and reproducible results. 
Since it is known that the light output of fluorescent lamps 
is responsive to changes in air flow over the lamp, it is per 
tinent to know the air velocity and whether it was main 
tained constant regardless of changes in the ambient tem 


perature 


CHARLES W. Jenome**: I would like to express my appre 
ciation to the several commentators for their interest in this 
work. These comments, together with the relatively large 
number of recent papers on this subject are taken as wel 
come indications of an increasing awareness of this effect 
on fluorescent lamp operation 

The effect of temperature on the color-rendering proper 
ties of these lamps is expected to be relatively small. Tem 
perature variations change all portions of the spectral 
energy distributions of the phosphor emissions in a similar 
manner. Therefore, these variations will cause only very 
minor changes in their color rendition. There is a consider 
able change in the distribution of energy among the several 
mereury lines, But since these are essentially monochromatic 
and also are only a small part of the overall light emission 
at temperatures normally encountered their effect on color 
rendition will also be of a minor nature. 

As Mr. Clark has suggested, these data were taken with 
the lamps operated on a lag ballast. However, since the 
changes in brightness are attributed to the effect of tem 
perature on the mercury are, it is expected that very similar, 
if not identical, effeets would be obtained on a lead ballast. 
Similarly, it is expeeted that the same effects on color would 


be obtained whether a lead or lag ballast were used. 


*Lighting and Rectifier Dept., General Ele Co., West Lynn 
Mass 


° Author 


The same rate of flow of air was used in all the tests. 
This rate was constant regardless of changes in the ambient 
temperature except that a slightly longer line (approxi- 
mately 10 per cent longer) was used with the dry ice bath 
than with the air heater. Consequently, there is a slightly 
smaller air flow in the experiments below room temperature 
due to the slightly larger resistance offered by the increased 
length of line. The air flow was not continuously measured, 
but preliminary tests showed a flow of approximately one 
cubie foot per minute. With the particular cross section 
area of the box used, this amounts to an air flow along the 
lamp of approximately 10 feet per minute, or slightly over 
one-tenth mile per hour. 

As Mr. Clark suggests, the most likely explanation for the 
decreasing difference between bulb and ambient tempera- 
tures with increasing temperature is radiation of heat from 
the bulb to the wall of the box. I did not intend to imply 
that these temperatures were equal above 100°C. Actually, 
however, the difference in this region becomes 1°C, or less, 
which I have taken to be “essentially the same.” 

The occurrence of maximum efficiency at 20 C agrees very 
well with the results obtained by Mr. Holden, (ILLUMINAT- 
Inc Enoineerine, Vol. XLVIII, No. 12, p. 645, 1953). As 
the latter investigator has commented above, this change 
from previous data may be due to changes in lamp materials 
and production methods. Since the production methods and 
materials of the several manufacturers are not necessarily 
identical, this may be the reason for the different results 
cited by Mr. Clark. 

I am inelined to agree with Mr. Clark that in a fluores 
cent lamp, which normally contains 20 to 50 milligrams of 
mereury, less than 7 milligrams would be available in the 
vapor state. Possibly a more tenable explanation of the 
observed phenomena might be small variations in the den- 
sity of the phosphor coating. 

At low temperatures, the contribution of the mercury are 
is a small portion of the total light output of the lamp. 
However, with increasing temperatures, the brightness of 
the are increases while, as explained in the text, the intensity 
of the actinic radiation at 254 millimicrons decreases with 
a corresponding decrease in the brightness of the phosphor. 
Consequently, at the highest temperatures used in this study 
the contribution of the mercury are is considerably greater 
proportionally, amounting more nearly to 25 per cent of the 
total. This fact, combined with the relatively large color 
shift of the mereury are with temperature leads to my con- 
clusion that the latter is a major factor in the color shifts 
of the lamps observed. 

In these tests the thermocouple measuring the bulb wall 
temperature was held against the bulb by a small piece of 
electrical seotch tape. The pressure method used by Mr. 
Franklin was also tried but led to the same results as the 
scotch tape in the particular arrangement of these tests and 
at the temperature, relatively close to room temperature, at 
which the comparison was made. Therefore, the tape was 
used in preference to the pressure method since it was felt 
that it provided some protection from the flow of air at the 


lower ambient temperature past the thermocouple. 
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Current Industrial Lighting Practice Applied 


This Machine Shop features recommended values 


HE principles of proper industrial lighting 

have now been preached from many plat- 

forms at numerous I.E.S. and other meetings. 
A good many plant managers, as well as all illumi- 
nating engineers, are familiar with the elements of 
these principles, and many have applied them in 
part or in toto. 

An excellent demonstration of their use, how- 
ever, is in the lighting installation at the new plant 
of Wright-Hepp Associates, South Hackensack, 
N. J. With the possible exception of daylight 
shielding, the area incorporates to a gratifying 
extent recommended practice for industrial areas 

The 50-foot by 90-foot area is used for light 
All sur- 


faces, as well as the luminaires, contribute to the 


machine work and assembly operations. 


AUTHOR Lighting Representative, Public Service Electric and Gas 
Co., Hackensack, N. J 
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Current Industrial Lighting Practice Applied 


and the use of illumination principles for 


comfortable visual environment 


By JOHN KERR, JR. 


total lighting system. Luminaires are of all-white 
porcelain enamel, louvered, having 26 per cent up- 
light and are installed in five continuous rows on 
10-foot centers. Each luminaire uses two 96-inch 
T-12 430ma standard cool white slimline lamps. 

The fixtures are suspended 27 inches below the 
bottoms of the joists so that the bottom of the units 
is 9 feet 3 inches above the floor. Average main- 
tained illumination, after two months’ operation is 
64.8 footcandles, 

The ceiling is painted a very light yellow of 75- 
80 per cent reflectance, with the walls an tloor a 
very light smooth concrete finish. All furniture and 
machines have a light medium green finish; all 
moving parts are a bright orange. 

The combination of quality with quantity has 
provided a visual environment pleasing to all con- 
cerned, especially the people who work there. 


Kerr 





Architects and illuminating engineers alike have long contended 
that the uniform illumination and balanced brightnesses so desir- 
able in work areas are not suitable for all interiors. Dark ceilings 
and carefully placed brightnesses in this installation make .. . . 


Contrast—a Keynote 
For a Florist’s Display 


rather than uniform 


AXIMUM 


levels of low brightness 


contrast 
was the operative 
principle in the design of the lighting and color 
scheme for Crossley’s Flower Shop headquarters 
in the Park Labrea Commercial Area of Los An 
veles. The plan was designed to create an apparent 
luminous atmosphere with the lighting fixtures 
relatively inconspicuous, to place dramatic empha 
sis on the plants and flowers. The strong color 
contrasts of the deep charcoal gray ceiling, the 
white terrazzo floors flecked with black and gold, 
and the white display walls make the plants and 
flowers more vivid in their respective colors — espe- 
cially when bathed in light which seemingly comes 
from nowhere. The whole lighting and decorating 
scheme was designed to achieve maximum attention 
value from outdoors and a concentrating emphasis 
on the plants and flowers from inside 

Gieneral lighting is from louvered fluorescent 
luminaires mounted 12% feet from the floor along 
the periphery of the main ceiling. These pendent 
mounted units have white metal sides and top re 
flectors, with all light directed 
brighten the display area and increase the apparent 


blackness of the 


downward to 
The louvers provide 4? 


ceiling 


44 C‘ontrast 


a Keynote for a Florist’s Display 


degrees crosswise and 40 degrees lengthwise shield- 
ing. Random clusters of swivel incandescent spot- 
lights also contribute to the blackness of the ceiling 
as well as accenting certain displays 

A special feature of the shop is the 14 x 45-foot 
ceiling-to-floor display wall, of perforated metal, 
painted white enamel with provision for mounting 
various displays, planters and other merchandise. 
The primary light source for this wall is a row of 
special lighting units inclined 30 degrees from the 
horizontal and totally obscured from normal view- 
ing angles. These fixtures, mounted 14 feet above 
the floor, have metal louver diffusers and are 
equipped with four 96T12 lamps each. A portion 
of the peripheral lighting from the main ceiling 
supplements the primary source, which results in a 
nearly uniform vertical distribution of light on the 
wall. The average maintained level of light on the 
wall is 84 footcandles 

Ralph C 
Copp and Peabody, Interior Designers ; 


Didham was architect for Crossley’s; 
Jackson 
Brothers, General Contractors; King Electrie Co.., 
Electrical Contractors. Photo and data courtesy of 
Sunbeam Lighting Co., Los Angeles 
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Daylight Survey Methods 


N MAKING daylight surveys in the United 

States, the usual practice is to make the survey 

on a day when the sky is overcast or clear so as 
to avoid rapid fluctuations in the illumination at a 
given point while the survey is in progress. The 
final results are then expressed in footcandles for 
each point under consideration. This information, 
together with the brightness ratios and a deserip 
tion of the fenestration, constitutes the data from 
which the adequacy of the illumination might be 
judged, 

This method does not measure a quantity that is 
characteristic only of the type of fenestration and 
the physical properties of the room, but contains a 
variable element which is dependent upon the kind 
A clear sky 


or an overeast sky cannot be described with cer 


of sky used as a source of illumination. 
tainty ; therefore, it is difficult to compare two sur 
veys made at different times of the same situation 
and still more difficult to make a comparison of 
different types of structures. Neither is it possible 
to separate the illumination at a given point into 
the components that arise from the ground and the 
sky. These components may be nearly equal in 
some cases and the illumination at the back of the 
room may be greatly improved by properly using 
the light that arises from the ground adjacent to 
the building. 

In this paper two methods of making daylight 
The first method will 


eliminate the necessity for defining a standard sky 


surveys will be presented. 


and will use daylight factors in expressing the re 
sults of the survey. The second method will provide 
a method of separating the illumination at a given 
arise from the 


point into the component that 


ground and from the sky 


First Method — Total Daylight Factors 


It is a common practice in Europe to express 
surveys in terms of daylight factors which accord 


ing to Gunner Pleijel, Stockholm, Sweden,’ are 


defined as the ratio between the illumination at a 
given point on a given plane to the illumination 


AUTHORS esearch Physicist Assistant Researel Archite 
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Daylight Survey Methods 


By E. E. VEZEY 
BOB H. REED 
BEN H. EVANS 


Making daylight surveys on the basis of total 
daylight factors requires only two illumination 
meters. The results are practically independ- 
ent of sky conditions and are sufficiently 
precise for the comparison of different types 
of structures. This method is applicable to 
multilateral fenestrations by covering all of 
the windows except the one being tested. The 
method of employing ground and sky daylight 
factors in making daylight surveys provides a 
means of separating the illumination at a point 
into the components contributed by the 
ground and sky, when light from the surround - 
ing terrain is made use of in design. 


produced on a horizontal plane by a sky of uniform 
brightness. Thus the number assigned to a given 
point in a room is not expressed in footcandles, but 
by a nondimensional number which depends only 
upon the fenestration and the physical character 
istics of the room. This mode of expressing day- 
light surveys, eliminates one of the troublesome 
variables caused by one’s inability to realize in 
practice a standard sky. 

In developing the first method of making day 
light surveys, it was assumed that there is a nearly 
constant ratio between the illumination falling on a 
plane at a point in a room to the amount of lumi 
nous flux falling on the plane of the fenestration. 
One should expect that this ratio should vary about 
some mean value because of the nonuniformity of 
brightness of the sky and surrounding terrain. The 
only question to be answered is, what is the magni 
tude of this variation? If this variation is suffi 
ciently small and occurs at such infrequent inter 
vals as to make it possible to compute an average 
value without taking an unreasonable number of 
observations, then a method based upon the above 
assumption would be sound in principle and easy 
in practice 

kor the purpose of determining the depend 
ability of a method of making daylight surveys 
based upon the above assumption, the daylight fac 
tor is defined as the ratio of the illumination at a 


point on a horizontal plane in a room to the illumi 


Vezey-Reed-Evans 24 





nation incident on the plane of the fenestration 
under consideration. Note that the daylight factor 
is not defined for the case where the sun is shining 
on the fenestration. However, the definition could 
be used for that case also, provided the fenestration 
was of the diffusing type which allows no direct 
sunlight to enter. The method is applicable to 
multilateral fenestrations if each fenestration is 
considered separately. This could be done by cover- 
ing all fenestrations except the one under consid- 


eration 


Method of Making Survey 

Data were collected by calibrating two recorders 
The cells used were Weston 
Model 856RR-V provided with cosins 
The scale on the recorders was calibrated by com- 


to read footecandles 


correction. 


parison with a Weston paddle type meter Model 
1430. The meter cell was provided with cosine cor 
rection and Viseor filter and had been checked for 
accuracy of calibration against a standard lamp 

It may be mentioned here that it is not necessary 
to calibrate the instruments to read footeandles 
when this method is used in making surveys. It is 
only necessary that the meters give identical read- 
ings when exposed to the same luminous flux 

One cell was placed in the plane of the window 
outside of all obstructions that might be considered 
a part of the fenestration. Anything that limits 
the amount of light that passes through the fenes- 
tration should be considered a part of the fenestra- 
tion, whether it be louvers, overhangs, or shrubs. 
The other cell was placed at the test point in the 
room, 30 inches above the floor. The recorders were 
set on the same line on the paper and started simul- 
taneously. The graphs produced simultaneous ree- 
ords of the variation of the illumination at both 


METHOD | 


Date 
Time 


ry 
Daylight Factor 
a 


Maximum Deviation from Average 
Value of the Daylight Factor 


Number of Times Maximum Devia 
tien of Daylight Factor Occurred 


Maximum Deviation from Average 
of Daylight Factores on Different 


Days 


*Data taken by meter instead of micromax recorders 
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POSITION |! 
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stations. No particular attempt was made to choos¢ 


the kind of day when the records were taken. All 
types were used: clear, overcast, and partly cloudy. 

The daylight factors were determined from the 
records made by the recorders by considering only 
points on the graph where both cells indicated 
steady states. These points occurred either at 
maxima or minima on the graphs. This had to be 
done because the recorders used are slow in coming 
to new values and require a few seconds to reach 
a steady state after a change in the illumination. 
It is believed that more consistent values may be 
obtained by the use of two meters that have the 
same time constants and that have been compared 
for consistency. 

A study was made of the variation of the day- 
light factors for two rooms in an experimental 
building of the Texas Engineering Experiment 
Station. This building is located in a large field 
far away from other buildings or trees and may be 
oriented at any angle to the meridian. The fenes- 
tration of Room No. 1 is directional glass block with 
the conventional vision strip, while Room No. 2 has 
plain glass windows. Both rooms* are provided 
with venetian blinds that may be used to cover the 
entire area of the clear glass portion of the win- 
dows. It is to be emphasized that the two rooms 
deseribed above were used in these tests simply 
because they employed commonly used, but quite 
different types of fenestration. No comparison of 
the relative merits of these two types of fenestra- 
tion, or of the products involved is intended or 
implied. 

*These two rooms, designed originally for another purpose, were 


made available for this study through the courtesy of the Kimble 
Glass Company and the Pittsburgh Corning Corporation 


Chart No. 1.—Data from Survey 


ROOM NO. | 
POSITION 2 


6 7 10 


June June Mar 
13 


to 
10:00 


073 


Single Single 1 in 16 5 in 26 1 in 25 
Obs Obs Obs. 
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Single 


Two positions, position 1 and position 2, 


studied for Room No. 1. 
from the center of the windows and position 2 was 


were 


Position 1 was seven feet 


19 feet from the window near the back of the room. 

From Chart 1, it may be observed that for posi- 
tion 1 of Room No. 1 the maximum deviation from 
the average of a single determination of the day- 
light factor was 18 per cent and that the maximum 
deviation from the average of five sets of daylight 
factors was 6.8 per cent. This last statement is sig- 
nificant, for the sets of daylight factors were taken 
at widely different times under a great variety of 
sky conditions. It is the opinion of the authors of 
this paper that any method of making daylight sur- 
veys which gives results that agree to within 10 per 
cent is satisfactory. 

To determine the reliability of a small number of 
observations in arriving at an average value for the 
daylight factor, a set of 38 observations were 
analyzed. These data were for position 1 in Room 
No. 1 and were taken between 9:30 and 11:00 a.m., 
February 13, 1953. These observations were divided 
into groups of ten arranged so that each group of 
ten, except the first and last group, included five 
observations of each adjacent group. The average 
of the 38 observations was .082. The average of 
each group of ten in the order of grouping was 
081, .079, .081, .084, .085, .082, and .083. The maxi- 
mum deviation from the average of 38 observations 
was three parts in 82, which gives 3.65 per cent. 
This demonstrates that it is not necessary to make 


more than ten observations at a given point to 


insure sufficient accuracy in arriving at the day- 
light factors. 

The results for position 2 of Room No. 1 are in 
closer agreement than those for position 1. This is 


Using Total Daylight Factors. 


1 in 30 


ROOM NO. 2 
POSITION 2 
16° 17 


Mar Mar 
13 16 


11:00 
to 
6 ) 


14.5% 14% 


1 in 52 1 in 16 lin 42 lin 45 
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to be expected, for points farther back in the room 
see less of the sky and receive a greater part of the 
light from interreflection than do points near the 
windows 

On examination of the daylight factors for posi- 
tion 2 of Room No. 2, it is seen that there are slight- 
ly greater variations in the daylight factors than 
This 


also may be expected for each point sees through 


for the corresponding point in Room No. 1. 


nondiffusing material a large portion of the sky 
and for that reason reflects the variations in the 
daylight factors that occur because of the non- 
uniformity of the brightness of the sky. 

Nothing new is to be recommended in this paper 
in regard to brightness ratios, except to suggest 
using brightness to illumination ratios.*? The mag- 
nitude of variation of the ratio (Brightness/Illumi- 
nation) is illustrated by a set of 30 ratios taken in 
the glass block side of the experimental building. 
For brightness readings a spot was chosen on the 
glass block about 30 degrees above the horizontal 
from the observation station at the center of the 
Observations were made at intervals from 
9:19 a.m. to 1:16 p.m 
and the brightness of the glass block varied from 
200 to 860 footlamberts. 


ratio for the 30 observations was 7.4. 


room. 


The sky was partly cloudy 


The average value of the 
The maxi- 
mum value was 8.6 which gives a maximum devia 


tion from the average of 1.2 


The maximum per 
cent variation of the ratio is then 16.2 per cent. 
Data were collected for other situations. For an 
office, brightness to illumination ratios were taken 
from 3:00 p.m. to 4:20 p.m. and of 15 observations, 
the average value of the ratios was 1.32 and the 
maximum per cent variation from the average was 
13.6 per cent. During the period of making the 
observations the brightness of the test spot varied 
from 120 to 


at the observers’ station varied from 86 to 30 foot 


33 footlamberts and the illumination 


candles. 

In any data observed, it is found that the maxi- 
mum per cent variation of the ratio brightness to 
illumination is not too large to make a mean value 
of from five to ten ratios an acceptable criterion 
for the quality of illumination 


Second Method — 
Ground and Sky Daylight Factors 


W. Griffith, O. F. Wenzler, 
Conover, published in the January 


In an article by J. 
and E. W. 
1953 issue of ILLUMINATING ENGINEERING,’ results 
were given of a method which separated the effects 
of ground light and sky light. Details of the method 
were not given, and it is assumed that the work was 
done on models under an artificial sky 
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Room No. 2 — Windows facing north. 


Chart No. 2. 
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Graph 1. 


The Texas Engineering Experiment Station has 
been working for the past two years on a method 
which may be applied to models under an artificial 
sky or to daylight surveys made on buildings in the 
field 

This method is based upon the assumption that 
the illumination at a given station at a given in 
stant is the sum of two terms. One term being the 
product of a factor and the illumination on the 
fenestration from the ground and the other the 
product of a factor and the illumination on the 
fenestration from the sky. This statement reduced 
to algebra is 

R= K,E,+ KE, (1 
where E represents the illumination at any point in 
the room. A, is the factor for the ground, EF, is the 
illumination on the fenestration from the ground, 
K, is the factor for the sky and Z, is the illumina- 
tion on the fenestration from the sky. A, and A, 
are called ground daylight factors and sky daylight 
factors, respectively 

It is important to realize that A, and A, are 


constants for a particular point in the room at a 


particular time. The time element is involved be- 


eause the distribution of the brightness of ground 
and the sky vary from instant to instant. However, 
these fluctuations of the distribution of the bright- 
ness of the ground and sky produce only minor 
variations in the values of A, and A,. Note that 
when both the light from the ground and the light 
from the sky were considered together, as was done 
in the first part of this report, the maximum flue- 
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Chart No. 3. 


ROOM NO. 2 
NO SHADES 


Station 2 3 4 5 6 
0730 0700 O724 0432 0408 
1260 1000 0745 0615 0494 
1300 0800 0450 0460 0380 
1090 ORaso 0640 0500 0430 
1a20 1060 0590 0458 0392 
370 0930 0595 0414 0356 
1320 0940 0710 0480 0420 
1500 O9R0 0630 0450 .0390 


tuations of the daylight factor were only about 20 
per cent, and the maximum fluctuation occurred 
approximately once in ten observations. 

In Equation 1, it is possible to measure E, E,, 
and E, directly, which leaves K, and A, to be eval- 
uated. This is done by taking two sets of data for 
Equation 1 which will give a wide fluctuation be- 
tween the values of FE, and E,. This is best accom- 
plished on a day when the sky is covered approxi- 
mately 50 per cent by cumulus clouds. The more 
nearly uniform the clouds are seattered over the 
sky, the better. There are two reasons for selecting 
this kind of sky: (1) because the average distribu- 
tion of the brightness of the sky will remain nearly 
constant over long periods of time, thus minimizing 
the fluctuation in the value of K,, and (2) when 
the cumulus clouds are quite numerous the ground 
will be alternately quite bright and dark at fre- 
quent intervals. This makes a large variation in E, 
between two sets of data possible. A little thought 
will show that the larger the variation in the EF 
values for two sets of data, the more accurate are 
the determinations of K, and K,. 

While the functional relation expressed by Equa- 
tion 1 is exact, it must be remembered that FE, E,, 
and E, are measured quantities and for that reason 
are subject to certain errors that cannot be elimi- 
nated entirely, only minimized by careful work; 
therefore, great care should be exercised in cali- 
brating the instruments and in their use. 

Three illumination meters* are necessary ; one to 


Iwo of the meters were loaned by the Pittsburgh Corning Corpora- 


thon 
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Room No. | — Windows facing north. 


Chart No. 4. 


ROOM NO. | 
VISION STRIP BLINDS ADJUSTED UP 45 


Station 





be used at the station in the room, one for measur 
ing the illumination from the ground, and one for 
measuring the illumination from the sky. All three 
meters should have the same type of correction and 
be adjusted so that they give identical readings 
under similar situations. They should also have the 
same time constants. 

Sky light is separated from the ground light by 
a horizontal semicircular plane edged with a rim 
below the 


which projects vertically above and 


plane One cell is placed above the plane and one 


below the plane with their centers on planes which 
pass through the edge of the rim. The upper cell 
sees one-half of the sky above the horizon and 
lower cell sees that part of the terrain below the 
horizon. The whole device is painted matte black. 
The cells are adjusted relative to the rim so that 
the sum of the reading of the cells is equal to the 
reading of a single cell placed in the plane of the 
fenestration which sees both the sky and the sur- 
rounding terrain. Experience indicates that the 
position of the device separating the sky light from 
the ground light is not eritical so long as it is 
placed approximately eight feet above the ground. 
The results of four surveys are given by Charts 2, 
3, 4, and 5 and corresponding Graphs 1, 2, 3, and 4. 
The graphs in each case are plotted from average 
values taken from the charts. The stations for 
which K, and K, were determined for each type of 
fenestration were six in number. Station 1 was 
three feet from the fenestration and stations 2, 3, 4 
11, 15, 19, and 23 feet from the 


All stations were along the 


5, and 6 were 7, 


window, respectively 
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Chart No. 5. 


ROOM NO. | 
NO SHADES 


Station 








=== 


Graph 4. 





center line of the room. The reflection factors were : 
ceiling 80 per cent, walls 60 per cent, and floors 40 
per cent. All readings were taken on a horizontal 
plane 30 inches above the floor 

All four graphs indicate that the ground day 
light factors for points near the back of the room 
are larger than the sky daylight factors. This does 
not necessarily mean that more illumination is fur 
nished by the ground at these points. The ratio of 
E,/E, for a cloudy day 


shadow may be as high as 7 or 8 while for a nearly 


when the ground is in 


clear day when the ground is brightly illuminated 
the ratio may be nearly unity. The value of this 
ratio depends upon the reflectivity of the surround 
ing terrain, but the ground daylight factor does 
not unless the terrain undergoes great localized 
The reflectivity of the 


terrain for the building under test was approxi 


variation in reflectivity 


mately 40 per cent 

The data used in constructing Graphs 1, 2, 3, and 
4 were collected from February to March 1953 
The instruments used for obtaining the sky and 
ground illumination were Weston Model 856RR-V 
provided with cosine correction and were attached 
to Leeds and Northrup Type P galvanometers, the 
scales of which were calibrated to read footeandles 
against a Weston paddle type meter having the 
same corrections as the above cells. The data were 
taken on days when the sky was partly covered by 
cumulus clouds. The windows faced north 
Graphs 5, 6, 7, and 8 give the sky and ground 


daylight factors for the same fenestration facing 
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Room No. 2— Windows facing east. 








Graph 5. 





Graph 6. 


Room No. | — Windows facing east. 


east. Two sets of data for Equation 1 were obtained 
by making observations on a clear day and on an 
in the period from October 30 to 
The meters were Weston type illumi- 


overcast day 
November 4 
nation meters which had recently been calibrated 
against a standard lamp 

A study of the two sets of graphs shows that the 
sky and ground daylight factors are in close agree- 
ment and that the orientation of the fenestration, 
the kind of sky or the time of the year when the 
data are obtained do not produce variations in the 


sky and ground daylight factors which are larger 


than might be expected when experimental tech- 
niques are used 

Graph 6 shows a variation in the ground day- 
light factors which should be discussed. For plain 
glass windows of large area with no controls, the 
amount of illumination contributed by the ground 
at a given point, especially near the windows, is 
very small compared to that contributed by the sky. 
Under these conditions it is difficult to obtain suffi- 
ciently precise data to calculate accurately the 
ground daylight factor. For Graph 6, position 1, 
the value for K, was a negative number. The only 
significance to be attached to this is that at point 1 
from the 


the contribution of the illumination 


ground is a negligible factor. For other points in 
the room the contribution of the ground is suffi- 
ciently large to make the result more accurate. In 
the case represented by Graphs 5, 7, and 8 no diffi- 


culty is encountered in getting aceurate results. 
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Conclusions 


The first method provides a simple technique for 
making daylight surveys which requires only two 
illumination meters. The results are practically 
independent of sky conditions and are sufficiently 
precise for the comparison of different types of 
structures. 

This method may be applied to multilateral 
fenestrations by covering all windows except the 
one being tested. 

The second method provides a means of separat- 
ing the illumination at a point into the components 
contributed by the ground and the sky. This meth- 
od gives a means of evaluating the results when the 
designer has sought to make use of light from the 
surrounding terrain. 

The second method is more difficult to apply, and 
for accurate results great care must be used in 
making the measurements, and the illumination 
meters must be checked for agreement. 

The second method is applicable for the most part 
to single story structures, for as a rule, the ground 
adjacent to the building contributes little to the 
illumination on floors above the first story. 
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INSTALLATION AT RESIDENCE OF 
MR. AND MRS. JAMES STANSELL, NASHVILLE, TENNESSEE. 


Lighting an Entrance Hall 


LIGHTING OBJECTIVE: To provide safe and comfortable illumination and extend a warm welcome 


to guests. 


GENERAL INFORMATION: ‘he foyer is 7 feet 4 inches by 16 feet 4 inches with a 9-foot ceiling. 
The front door and trim around glass panels are redwood. The supports for the plastic panels in 
ceiling and surrounding border are a dusty rose. The walls are rose beige (30% RF). The floor 
is brown and white marbelized tile (33% RI). There is a frosted glass partition dividing the 
foyer and the living room (not seen in the picture). The foyer lighting through this glass 
partition gives an interesting effect in the living room. 


INSTALLATION: The luminous ceiling in the foyer is provided by the use of three 96-inch slimline 
fluorescent channels using deluxe warm white lamps mounted on 24-inch centers (see Fig. 2), 15 
inches above the Rohm and Haas “Z” shape 24-inch plastic squares (see Fig. 3). Three lighting 
levels are provided in the foyer by combination switching; one switch controls the center lamp, 
and one the two outside lamps. 
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Lighting an Entrance Hall (Continued) 


Illumination and brightness readings are as follows: 
Gieneral illumination 
All lamps operating 40 
Two outside lamps only 


Center lamp only 


Brightnesses 
All lamps operating 
Ceiling, normal viewing standing in front door 110 
Walls adjacent to ceiling (12 inches down 11.5 
Walls, 5 feet from floor 10 
Floor 13 
Center lamp only 


Normal viewing seated in living room 


Electrical contractor: Stansell Electric Co., Nashville, Tenn.; architects: Hart, Free- 
land and Roberts, Nashville, Tenn. 


Lighting data submitted by May Love Gale, Home Economist, Tennessee Valley 
Authority, Nashville, Tenn., as an illustration of good lighting practice and to 
aid in the design of similar installations. 


Published by the Committee on Publications of the Illuminating Engineering Society, 
1860 Broadway, New York 23, N. Y. 





An Investigation of 
The Damage Hazard in Spectral Energy 


commercial 
have 


VER introduction of 
fluorescent 
existed regarding possible injurious radiation 


since the 


lamps, public suspicions 


from them. These suspicions have decreased as 


acceptance of fluorescent lighting has increased, 
but, to those concerned, the hazards have never 
been too clearly defined. It might be justly stated 
that the art has been changing too fast to tie down 
lamp characteristics sufficiently to define them. It 
has been very difficult to get detailed information. 

Whether or not basic design changes have reached 
a tableland only a prophet can say but because 
the application of fluorescent lighting is extending 
to sensitive areas, such as museums and homes, 
where merchandise turnover cannot rescue material 
from over-exposure, clarification of this question 
has for some time appeared overdue. 

Possible damage to museum collections in the use 
of fluorescent lamps was discussed at the meeting, 
in June of 1950, of the International Council of 
Stockholm, Study of the 


subject was instituted and an interim report, deal 


Museums in Sweden. 


ing with the distribution of ultraviolet from stand 
November 1951 The 


Metropolitan Museum’s investigation was author 


ard lamps, was issued in 


ized in June 1952, because of the urgent need for 
clarification in view of the extensive employment of 
fluorescent lighting in the reconstruction of its 
valleries then going forward 

Any evaluation of damage hazard inherent in 
fluorescent lamp radiation, if it is to mean any- 
thing, must be related to that of other commonly 
used light sources which constitute our visual envi 
ronment and, therefore, our field of choice as to 
what may be done about it. Moreover, both solar 
radiation and the spectral transmittance of the 
glass tubing used for lamps cut off at approxi- 
mately 290 my, limiting the field of comparison 
substantially to the near region of ultraviolet on 
through the visible spectrum. 

The investigation* was consequently set up with 


four principal objectives in mind, viz. : 
\rrnor: Consulting Engineer, New York, N. ¥ 

eriticiams and construc 
Museum's Con 


Acknowledgment is made of the objective 
tive assistance of Mr. Murray Pease, Curator of the 
servation Laboratory 
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The Damage Hazard in Spectral Enerqy 


By LAURENCE S. HARRISON 


This paper is concerned with the deteriorating 

effects of spectral irradiation on materials and 

objects. It summarizes a recent report which 

was completed in December 1953 under the 

auspices of the Metropolitan Museum of Art, 

New York, for submission to other institutions 
in the museum field. 


lo determine the radiation hazards of the respective 
energy bands, both visible and invisible, which are pro 
dueed by sources of natural and artificial light; 

To determine the relative energy values of all such 
bands which are emitted from light sources as used in 
the Museum, viz, (a) sunlight, (b) clear sky light, (¢) 
overeast sky light, (4) incandescent lamps, (e) fluores 
cent lamps; 

To interpret the foregoing determinations in a manner 
useful for gallery lighting design; 

To investigate practical means and methods for reduce 
ing such risks of damage as might be found to exist. 


It quickly became apparent that the most recent 
and authoritative data, pertinent to objectives Nos 
1 and 2 were those resulting from the work of the 
National Bureau of Standards in preserving the 
original documents of the U. S. Constitution and 
Declaration of Independence. Accordingly, the co- 
operation of the Bureau was sought and generously 
given. The Bureau’s report,’ prepared by Dr. 
Deane B. Judd, together with supplementary infor- 
mation, checking and criticisms, were contributed 
and evaluated, with additional data developed in 
the Museum, in accordance with Objectives Nos. 3 
and 4. 


The record demonstrates certain general hy 


potheses which should be clearly understood : 


(a toth visible and invisible spectral energy tends to 
eause photochemical change ; 

b) The shorter the wavelength the more photochemically 
potent irradiation will become ; 
Photochemical change depends upon such energy be 
ing actually absorbed by irradiated molecules; 
Such absorbed energy must exceed a limit fixed by the 
absorption characteristics of an irradiated molecule ; 
Photochemical change is retarded or accelerated by 
temperature or by the presence or absence of mole 
cules, having chemical affinity with the absorbing 


moleeule 
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TABLE I (NBS).—Probable relative damage, D,, caused 

by unit irradiance as a function of wavelength compared 

to the luminous efficiency, y,, of radiant energy for the 
average normal eye (CIE standa:d observer). 


Wave Wave 
length length 


a70 004 
631 002 
sal 001 
1758 0005 
ool 0000 
017 0000 
0041 0000 
0010 000 
0003 0000 
0001 0000 


0000 0000 


Item (d), as summarized above, is shown by Dr. 
Judd to explain the conclusions given by Taylor 
and Pracejus* and by T. H. Morton® that fading of 
dyes is largely due to irradiation in the visible spec- 
trum at or near the absorption maximum of the 
dyes, as well as due to ultraviolet 

Item (e) may also be taken to explain the vast 
variety of associations and environments which 
affect the fastness of dyes and pigments. For ex- 
ample, pigments of identical, chemical composition, 
when applied in an oil base on canvas, may be 
highly 


water color on paper, may be quick to fade. Fur- 


resistant to fading but, when applied as 


ther, any specifie dye may be fast when applied to 
wool, but when applied to cotton may be highly 
fugitive 

Moreover, there are two distinct aspects of photo- 
chemical decomposition, each suggesting its own set 
of problems for further investigation. The first 
covers deterioration of mechanical properties, 1.¢., 
loss of tearing strength, embrittlement and 
crumbling and the second relates to discoloration, 
either aspect reflecting one or some combination of 
the above-stated five conditions 

While the 


Standards on the work of document preservation 


reports* of the National Bureau of 
dealt with all possible hazards, that which dealt 
with the hazard of spectral irradiation disclosed the 
only available approach to objectives Nos. 1 and 2 
The development of Relative Damage Factors as 
functions of wavelength by the Bureau has pro 
vided a significant contribution to which the sub- 
ject investigation owes emphatic acknowledgment 
These factors were derived experimentally by 
study of the deterioration of cellulose products 
low-grade paper Obviously, many objects in 
museums and elsewhere have far greater resistance 
to deterioration than low-grade paper, as have the 
animal parchments of the Constitution and Declara- 
tion. It should also be noted that fading of colors 
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was not an important objective of such study but 
in view of the five basic hypotheses given above, 
the validity of the Bureau’s basis for relative dam- 
age factors could not be challenged. On the con- 
trary, it would assure a safer margin for the exer- 
cise of judgment in view of the broadly uncertain 
resistance of materials to deterioration. These dam- 
age factors are given in Table I (NBS) in arbitrary 
units. They become negligible in the red end of 
the spectrum, 

With these fundamental values at hand, the 
probable damage per footeandle (D/fc) of illumi- 
nation from any light source is derived by Dr. Judd 
from the ratio of two sums: 


00 my 100 mg 


H, Dy Ad 


760 my my 


Hy, y, AA, where 


Dte= >) 


H), = The spectral irradiance of the light source ; 
The Relative Damage Factor (Table I) of 
various wavelengths; 

20 mz; 
Luminosity at various wavelengths ; 
The sum in the denominator being the 
Illuminance in footeandles 
These ratios (D/fc) have been caleulated from 

(H,) of 

seven light sources, as required by objective No. 2. 

Such distribution is tabulated in Table II (NBS) 

and the ratios evaluate to the following Probable 


the spectral distribution of irradiance 


Rates of Damage per Footeandle for each bare 


light source. 


D/Fe Per Cent 


Zenith Sky Light 4.80 100.0 
Overcast Sky Light 1.52 31.7 


Sunlight 790 oO 


Source 


Fluorescent Lamps 
Cool White Deluxe 554 
Warm White Deluxe 444 
Daylight 402 


Incandescent Lamps 136 


Obviously, these light sources are rarely em- 
ployed without interposing some sort of translucent 
filter 
glass, ceiling glass, diffusing glass or plastic and 


These normally inelude roof glass, window 


distributing or light-controlling fixture glass. 
Studies of lighting glass were therefore made, and, 
in accordance with objective No. 4, the Bureau sug- 
gested that Corning Noviol-O and Greenish Nultra 
be included in the studies. These are special ultra- 
violet filters which have high transmittance in the 
shortwave, visible spectrum. The Museum had al- 
ready employed relatively costly, one-half inch 
thick, laminated X-ray glass, at appreciable sacri- 
fice of blues, for the protection of its permanent 
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TABLE II (NBS).—Spectral distribution of irradiance, H, from the seven light sources studied. (Figures in parentheses 
are approximate color temperatures in degrees Kelvin.) 


Warm-white 
deluxe 
fluorescent 


(2900K) 


Wave- 
length 
miu 


Incandescent 
lamp 
(2854K) 


Daylight 
fluorescent 


*(6500K) 


0.04 05 
5S 6 


3.1 


1.18 12.0 
2.10 B 17.0 


5.09 
7.26 
9.93 
13.10 


i6.70 


20.70 
25.00 
29.70 
34.60 
39.50 
44.60 
49.60 
54.50 
59.50 
63.70 
68.50 
72.60 

40 


80.00 


6500K 


of sun out 


*Standard mercial rating ecimen tested evaluates 


**Based on spe 
present in the atmosphere 


con 


tra) irradiance side earth's atmosphere 


display of tapestries against daylight radiation 
The Cloisters. 

The glass ultraviolet filters suggested by the 
Bureau required, accordingly, a minimum sacrifice 
of good color rendition. They are highly satisfac- 
tory for use with incandescent lamps, but are too 
costly for the large openings of fluorescent fixtures 
For the latter applications, the writer sought a 
solution in the field of plastics and Plexiglas For- 
mula LPC 518K* was developed by Rohm & Haas 
Company and submitted to the Bureau. This plastic 
presents practically clear transparency to visible 
light while filtering out the highest percentage of 
ultraviolet of all those special u-v filters studied 
satisfactory transmittance over the 


which give 


whole visible spectrum, ¢.e. 390 mp to 760 mp 
The spectral internal transmittance of five filters 
Table III (NBS the 


X-Ray glass for 


with 
added 


is therefore given in 


same characteristics for 
comparison. 

It is only necessary then to modify the ratio, 
D/fe, for each of the seven bare light sources given 
above by the respective internal transmittances for 
each filter to obtain the Probable Damage Rates 
per footcandle of the various radiant flux densities 
to which materials may be subjected. These values 
(NBS).** 


The next step was to associate (by multiplica- 


are given in Table V 


"LPC 518K formula number; Rohm & Haas cor 


mercial designation is Plexiglas II UF 
**Table IV, given in the Museum's 


calculations made and is omitted here 


a laboratory 


report, shows examples of the 


for brevity 
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Sun at 30° 
altitude 
(Air mass 2) 
(5300K) 


Cool-white 
Deluxe 
fluorescent 
(4300K) 


Overcast 
Sky 
**(6400K) 


‘ 7.1 
4 


to BOO0OK 


ater vapor assumed by Dr. Judd to be 


tion) the damage rates (D/fc) with their coordi- 
nate levels of illumination experienced in the Mu- 
seum. For artificially-lighted galleries, illumination 
was established, by design, at 30 footeandles hori- 
zontally, and 12 footeandles, plus spot or flood 
emphasis, vertically. 


For daylighted galleries many variables had to 


TABLE III (NBS).—Spectral internal transmittance of 
the six filters studied. 


Corning 
Wave Kingsport Ordinary Greenish 
length water-white window WNultra 
glass glass Class 


Pittsburgh 
Laminated 
X-Ray 
Lead 


Corning Plexiglas 


mu NoviolO LPC-518K 


0.000 0.00 000 0000 0.000 


00 
00 


000 


000 
00 


000 


913 


R91 


I Transmittance 


both 


nternal 
if 


are 


at 590 my is 0.( 
Water White vad 
ther in a fluorescent fixture the 


as for the Plexiglas 


NOTE 
»1 BK 


tance 


Kingsport 


LPO- 
trane- 


Glas Plexiglas 
used toge 


the 


combined 


will be same filter above 
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TABLE V (NBS). 


Probable rate of damage per footcandle and approximate color temperature (degrees Kelvin) for 


49 light sources expressed both in arbitrary units D/fc and in per cent of zenith sky (% ). 


Warm -White 
Deluxe 
Fivorescent 
(2900K) 


Incandescent Daylight 
Lamp Fluorescent 
(2854K) *(6500K) 


Diftc % D fc % D/fe 


None 196 2 0 402 0.444 
Kingsport Water White 2a 2 192 ‘ 32 
Window Glass 106 2 162 ‘ 21 
Corning Greenish Nultra 069 l 262 5.5 oo 
MPiexiglaa LPC-518K** 062 1.3 245 » ORG 
Corning Noviol-O 53 1.1 197 oy 
Pittsburgh Laminated X Kay . 


*Standard commercial rating, 6500K. See footnote Tastes Il. 


**LPOC-518K filters cannot be used in incandescent lighting fixtures if temperature exceeds 180F 


Sun at 30° 

Altitude 

Fiuorescent (Ait mass 2) Zenith Sky 
(4300K) (5300K) (11000K) 

D fc % D fc % D fc % 


Cool-White 
Deluxe 


0.55 11.5 0.790 16.5 : 4.80 100.0 
445 619 12.9 ‘ 3.38 704 
204 6.1 427 8.9 1.58 32.9 
163 14 325 4.7 5. 0.544 11.5 
147 3.1 192 40 24: f 0.407 8.5 

119 2.5 158 3 0.334 7.0 

- 079 1.6 0.134 2.8 


Plastic laminated X-Ray glass will take 


prolonged exposure to temperatures not exceeding 150F. Due to such operating temperature limits and its spectral color transmittance values, 
peaked at 590 my, this filter was proposed only for screening UV from natural sunlight and daylight. 


be resolved respecting sun, sky and overcast condi 
tions. Extensive measurements of interior, daylight 
illumination were made by the Museum during the 
years 1950 and 1951. These were evaluated together 
with local (Central Park, N. Y. C.) meteorological 
data, resulting in the following annual, average, 
interior daylight illumination: 


Horiz. Ft-c Vert. Ft-c 
For Galleries without sun Louvers 4fs 174 


For Galleries with* Sun Louvers 1 1 


The above tabulation covers both clear and over 
cast conditions in the proportion of 55.3 per cent 
of the possible local hours of sunshine (U. S 
Weather Bureau) over the period of observation 
The basis of determining the damage hazard from 
the three daylight sources, which produced the 
above interior illumination, was provided from 


published data® which indicated the following 


annual, average daylight illumination outside the 
Museum 

6450 ft-e 
1160 ft-« 


New York City 
New York City 


Clear Sky and Sunlight 


Overeast Sky Light 


These figures provide complete data on illumina- 
tion levels with which to determine the actual de 
gree of hazard existing in the Museum. 
Multiplying D/fe by the footeandles of illumina- 
tion applying to any particular condition expresses 
the Degree of Hazard in definite quantitative terms 
but to do so provides a series of values with little 
general significance. For example, the annual New 
York City average illumination from clear daylight 
is taken at 6450 ft-c of which 1280 ft-e is of sky 
When these 
values are multiplied by their respective damage 
rates (D/fe), and added, we obtain a figure of 
10,228 to express Degree of Hazard. This might be 


light and 5170 ft-e is of sunlight. 


used as a basis of comparison with conditions in 
Central Park, New York City, but with nowhere 


else 


When properly operated 
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However, by selecting some average, standard 
value of illumination, reflecting common experience, 
which can be reduced to a unit basis, we can evolve 
a significant coefficient for any degree of hazard 
developed. Such standard value appears reasonable 
by taking 8000 ft-c of daylight, at 30 degrees of 
solar altitude,’ consisting of 6900 ft-c of sunlight 
and 1100 ft-e of clear, zenith sky light. This reflects, 
as nearly as possible, the spectral distributions of 
irradiance representing average conditions in dust- 
free and smoke-free regions of the Temperate Zone 
which are taken by the National Bureau of Stand- 
ards in Table II. This evaluates, by Table V, as 
follows : 


6900 ft-e of Sunlight at .790 D/fe 451 
1100 ft-e of Sky Light at 4.80 D/fe 5280 


Degree of Hazard 10731 


If we take the quantity, 10731, to equal 100 units 
of “exposure,” then the ratio of any other evalua- 
tion to the base, 10731, will result in a Coefficient 
or Index of Exposure (IX) expressing the Degree 
of Hazard under standard conditions. Thus 


New York City, Clear Sky and Sun (6450 ft-e 
(10228/10731) « 100 IX 95.5 

New York City, Overcast (1160 ft-c) 
(1763/10731) * 100 IX 16.5 

New York City, Annual Average 
(95.5 & 553) + (16.5 & 447) IX 60.19 


The above described procedure results in Table 
VI showing the Index of Exposure for all signifi- 
eant conditions within the Museum, taking the 
effects of lighting glass into consideration and in- 
cluding the performance of available, protective 
ultraviolet filters. 

The foregoing appears to define the hazard of 
spectral irradiation, per se, sufficiently to avoid 
extravagant speculation but, from the standpoint of 
practical control, there still remains a highly un- 
certain area to be further explored. The resistance 
of materials to deterioration from spectral energy 
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TABLE VI.—Probable Degree of Damage Hazard (Annual) from Light Sources in the Metropolitan Museum of Art. 
(Showing average illumination from source, ft-c and Index of Exposure, IX). 


Condition and Location 
Standard clear sky and sun 
N. Y. City 


N. Y. City 


clear air and sur 


overcast 


DAYLIGHT IN GALLERIES*: 


a Floor 
b Wall 
r Floor exhibits 
d) Wall exhibits 


exhibits without 


exhibits without 
with sun 


with 


ARTIFICIAL LIGHT 


INCANDESCENT 
(2854K) 


Location G Special Filter If Any ft-c ix 


Exhibits 
Bare 
Water White 
Corning Noviol 


Floor 
(lass 
Plexiglas 518K 
Wall Exhibits 
Bare 
Water White 
Corning Noviol-0 
Plexiglas LPC-518K 


Spotse:*** 


Glass 


Emphasis 
Bare 
Water White 
Corning Ne 


(lass 
viol-0 
Case Lighting 
Bare 
Window Glass 
Water White Glass 
Plexiglas LPC-518K 
rate of 

0.672 


Based on probable damage 
0.421, ast Sky 
**When properly operated 

***These both in ft-c and IX 


exhibits 


per foot 


Overs in proportions as given 


values 


has not been quantitatively based in spite of the 
effort and years of investigation which have been 
devoted to the subject. 

Given the degree of hazard under any specific 
conditions of light source and incident flux density 
(which now appears to be broadly predictable), the 
exposure-time required for observable damage is 
wholly a function of the resistance possessed by the 
irradiated material. Based on data derived by the 
Swedish Government’s Testing Institute, from tests 
applicable to a special class of susceptible museum 
objects, the Metropolitan’s report projects a purely 
hypothetical set of co-ordinate life-expectancies of 
These 


from six years on the walls of unprotected (louver 


objects on continuous exhibition range 
less), daylighted galleries to over 600 years on the 
walls of artificially lighted galleries using 4300K 
fluorescent lamps and plastie ultraviolet filters, or 
for an indefinite duration for incandescent lamps 


equipped with specified glass ultraviolet filters. 


Such projection, as stated in the report, is not to 
be relied on and is intended only to “find the range” 
of the problem. Without some such sampling, the 
broad uncertainties respecting the behavior of ma 
terials, under otherwise predictable and controlled 
exposure, would justify no other action but to keep 
1954 
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sun 


ft-c 
S0O0U 
6450 
1160 


louvers 


sun louvers 
louvers 


sun louvers 


IN GALLERIES: 


FLUORESCENT 


Cool Deluxe 
(4300K) 
ft-c ix 


Warm Deluxe 
(2900K) 


Daylight 
(6500K) 
ft-c ix 


djusted for t 


floor or wall 


susceptible objects of historical value under w raps 
for as long periods as possible 
of 


National Bureau 


Standards for the preservation of historical doeu- 


The pioneer work of the 


ments points the way, in the writer’s opinion, along 


future investigation might well 


Spectro-photometry and dyestuff chemistry may 


which proceed. 


have done their parts. Perhaps the physiochemist 
should take over. Items (d) and (e) of the basic 
hypotheses, though differently worded by Dr. Judd, 
imply that a molecule often discriminates. Perhaps 
some associated molecule, or even an energy quan 
tum, has catalytic properties? 

In any event the work of the Bureau has made 
possible to museum people a clearer understanding 
of the hazards in natural and artificial light as well 
as the availability of practical measures for the 
better protection of their collections. 
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A Rectangular Coordinate Photometer 
For Large-Area Luminaires 


AMP AND LUMINAIRE design have pushed us 
beyond the area in which classical, or “point 
source,” photometrics is applicable. 

The origins of photometry were based on the fact 
that the size of the source was small, so that the 
source, usually a candle, could be considered as a 
point source of light. After the invention of the 
incandescent lamp, because the size of the source 
was still small, classical photometry could still be 
used to give true results over the range of distances 
usually encountered in rooms, 

Fluorescent lamps, on the other hand, because of 
their larve size, cannot be considered point sources 
in ordinary rooms, despite the fact that present 
day photometry of fluorescent luminaires is based 
on the assumption that a fluorescent lamp is a 
point source of light. It is a common practice to 
design a photometer with a test distance of five 
times the maximum luminaire or source dimension. 
This dictates a photometric laboratory whose di- 
mensions are in excess of 80 feet. Compromises are 
made whereby the dimensions need be only in ex- 
cess of 40 feet.’:* 

Point source photometry presupposes an angular 
displacement and the secondary photometric con- 
cept of candlepower. If we ask ourselves, “Where 
is 35° from an overall ceiling?”, or “Where is five 
times the maximum dimension from an overall 
ceiling ?”, we must realize that these questions have 
no answers; that point source photometry becomes 
inapplicable to large area luminaires. At least one 
attempt® has been made to extend point source 
photometry to include large area luminaires, such 
as louvered and luminous ceilings. 
measuring at a given 


In order to deter- 


Photometry consists of 
point the light from all space. 
mine light output from a luminaire it is necessary 
to make the light from the remainder of the space 
equal to zero. This is the fundamental criterion of 
luminaire photometry. Thus it is common practice 
to photometer a luminaire in a room painted black. 
It would also be possible and proper to photometer 
a luminaire in a country field on an overcast night, 


or in any number of other similar situations. 
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Apart from this fundamental criterion of lumi- 
naire photometry, there are some allied criteria 
based on the method of photometry and in the 
mind of the photometrist. Thus there is no law of 
physics which requires us to use this antiquated 
point source photometry on luminaires that can by 
no strength of the imagination be considered point 
sources. 

For purposes of calculation a system of photome- 
try must be developed to accommodate these extean- 
sive luminaires. The purpose of this paper is to 
present a theoretically sound and practical method 
of photometry for such luminaires. 

An important feature of small 
sources is the fact that the interflections between 
the room and the luminaire are small in effect, 
With large sources the in- 


simplifying 


and can be neglected. 
terflections become appreciable and an accounting 
of the effects must be made.* This fact alone is 
sufficient to disqualify the use of point source pho- 
tometry. 

Thus classical, coordinate, pho- 
tometrics and its corollary the “Lumen Method” 
become inoperative for extensive luminaires, and 
origins must be found elsewhere. The Interflectance 
method provides the proper origin for the photome- 


or spherical 


try. 

Once the origin, or basis, of the photometry has 
been established, there are several practical con- 
siderations that a photometric laboratory must 
satisfy, of which a few are: 


1) The laboratory must be large enough to accommo- 
date the largest luminaire that is to be photometered in 
it. 

2) The surfaces of the laboratory must be contiguous; 
they must form an envelope for the luminaire. 

3) All surfaces of the laboratory must be finished with 
the lowest attainable reflectance to reduce interflections 
as much as possible. 

4) The equipment must be selected to suit the method 


of photometry. 


These considerations will be investigated at 
greater length below. This discussion applies to a 
particular photometer designed and built for the 
experiments, and is intended as a guide for other 
experiments. 

In order to avoid interference with the measure- 
ments, the laboratory should be several feet larger 
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in its horizontal dimensions than the maximum size 
of the luminaire which is to be photometered in it. 
It is true that there is no limit to the size of ceil- 
ing lighting systems. The effects of the size on out- 
put can be accounted for analytically,® so that the 
size of the luminaire can be selected for conveni- 
ence, and it should be large enough to be represen- 
tative of all sizes. 

Because we speak of light from room surfaces, 
it is only natural to measure light incident on room 
surfaces. Because the great percentages of our 
rooms are rectangular and not spherical, it follows 
that the photometer should be a “rectangular co- 
ordinate” photometer. 

The great advantage of the rectangular coordi- 
nate photometer is that there is no minimum test 
distance associated with the photometer. The height 
should be of the same order of magnitude as the 
width ; conversely, a height of eight to ten feet is 
best for ease of measurement, so the width of the 
photometer should be between six and sixteen feet. 

The surfaces of the photometer should be rigid, 
and must be orthogonal to the plane of the shield- 
ing. Inasmuch as the garden-variety lightmeter is 
calibrated in lumens per square foot, readings of 
incident illumination should be made on each one- 
The photometer surfaces should for 
for repetitive 


foot square. 
smplicity 
location of the lightmeter in its many locations. 


have a positive means 
Also because of the square-foot basis, the dimen- 
sions of the photometer should be integral mul- 
tiples of one foot. 

The distinct classifications of Floor lighting, 
Wall lighting and Ceiling lighting unique to the 
Interflectance 
sponding categories of the Lumen method: direct, 


method replace the vague corre- 


horizontal and indirect. In all, there are twelve 
variables which enter into the overall photometry. 


They are the: 


1) Room coefficient of the cavity. 

2) Reflectance of the cavity. 

3) Efficiency of the luminaire. 

4) Flux distribution from the luminaire. 

5) Total lamp lumens. 

6) Reflectance of the shielding. 

7) Transmittance of the shielding. 

8) Room coefficient of the room to be lighted. 
9) Wall reflectance of the room to be lighted. 
10) Floor reflectance of the room to be lighted. 
11) Apparent ceiling reflectance of the room to be lighted. 
12) Tables of Interflectance.® 


The selection of the proper instruments is simple, 
but important. 
used to take readings of incident illumination on 
the room surfaces. The lightmeter is an absolute, 
not relative, meter. Thus to calculate the efficiency, 


A cosine-corrected lightmeter’™ is 
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Figure 1. Applying the pharometer to a lamp to deter- 

mine the lamp output. The cell is connected to a gal- 

vanometer. Calibration of the cell-galvanometer combi- 
nation was done prior to these measurements. 


the absolute lamp output must be known at any 
time. In order to know the lamp output under test, 
it is necessary to have a portable instrument which 
ean give this information. Coradeschi and Innis® 
designed their “pharometer (reader of lumens)’ 
A meter of 


, 


which is remarkable in its simplicity. 


this type was used in the experiments. Briefly, it is 


an instrument which measures center lamp bright- 
ness. By prior measurement, this brightness can be 
converted to lamp output.* 

In light of these considerations a photometer was 
designed and built for the purpose of obtaining 
photometric data on a ceiling lighting system. 
There follows a detailed description of the pho- 
tometer, the results, and the application to interior 
lighting calculations. 

The laboratory was a room 15 ft x 16 ft x 10 ft 
high designated as an office and showroom. In this 
area we installed a 12 ft x 12 ft section of ceiling 
lighting. This size was selected because the room 
coefficient of the cavity was about midway between 
the maximum and minimum limits. 

Lamp constants were determined separately and 
recorded for a group of identified lamps. Of this 
eight 96-inch 
selected whose lumen outputs were in the smallest 


group, 18-inch and lamps were 
range. These lamps were installed selectively into 
the ceiling on 18-inch centers so that the illumina- 
tion was substantially balanced throughout the 
Measured corrections determined 


room. were 


*See Appendix A 
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vhereby it was necessary to take measurements in Measurements 


only one quadrant of the room. For the other ’ 
Because of the high loading it was necessary to 


three quart rs of the room, a black velvet like ma ‘ 7 ‘ 
allow eight hours warmup time for the luminaire. 


terial was hung or laid, so that the basic criterion 
of luminaire photometry was satisfied. Fig. 2 shows After eight hours, the pharometer was applied to 
pasties aft te photon et each lamp and the lumen outputs calculated. Read 
an saad = Gnaiiibete mnnemmmemente: ttiwe bead ings were taken on each one-foot square, and or 
locked into the plywood walls, so that derly records were kept. The surface area of the 
head stood “%& inch away from the wall. <A photometer dictated 132 readings. (See Fig. 3 
angular aluminum plate 111, by 12 inches was The pharometer was again applied to the lamps 
vith four index holes 90° apart, and keyed and lumen outputs again computed. Although the 
under the serew heads. To this was attached variation was always small, averages of before and 
inch diameter aluminum plate to which the after outputs were used in the calculations 


ells were attached, and which had an index 
pin. The assembly was as shown in Fig. 2b 


With a two-cell lightmeter. like the Weston No 


Interpretation of Results 


The black-room readings have to be converted 


756, a careful positioning can be made so that com ae é 
into information usable by the designer. First the 

plementary bands will scan the entire length and ¥ : 

whith of the one-foot square It is believed that cmeeney = computed : 

this procedure will lead to the least error in mea Efficiency is defined as the quotient of luminaire 

output to lamp output. The sum of all 132 read 


ings, divided by the calculated lamp output ts the 
efficiency of the ceiling system of this size under 


suring the average illumination on each square 
The ply wood walls of the photometer were 


exactly eight-feet high, so it was impossible to set 
the screws 12 inches apart vertically. So rather test. Equations are available whereby the efficien 
than use two sets of serews for each position, th cy of other sizes of areas (actually for other cavity 
vertical spacing was made as follows from the top room coefficients) can be calculated. If the caleu- 


down: 11%", 12”, 12°, 12”, 12”, 12°, 12’, 11% 


making each screw common to two positions The 


lated efficiencies are made relative to unity for the 
cavity coefficient under test, then the other caleu- 
horizontal spacing was in all cases 12 inches. Thus lated efficiencies become correction factors to be 
no special construction was necessary to mount the applied to the measured data 
screws. The locating plate was used as shown for There is no interflectance equivalent to the classi 
all but the top and bottom rows; it was rotated 90 cal “zone.” Since the derived data are measured 
for use on these rows. The floor was marked off in in lumens, none should be expected. The partial 
one-foot squares so that the plate could be located distributions (7.¢., percentage incident in walls and 


quickly and positively floor) are a function of the room coefficient, a fact 


Figure 2a. (left) A view of the 
ceiling luminaire and the photome- 
ter. Because of the specular refiec- 
tions from the “flat” black paint 
(reflectance 0.04), it was necessary 
to cover all but the surface under 
measurement with an all-absorbing 
material. 


Figure 2b (right) Another view of 

the photometer, with the test plate 

shown mounted on a wall. For mea- 

surements on louvers, four readings 

were taken at each station to reduce 
shadow error. 
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Figure 3. A reconstruction of the measurements. This 
construction is an exact reproduction of the illumination 
distribution as it existed in the test room. 


which the lumen method ignores. Partial distribu 
tions are calculated by the process described below. 

The specification of the room shape in the inter 
flectance method is the room coefficient (domance ) 


Its defining equation is 


wall area 
floor area 


and for square rooms reduces to 


k, height /width* 


The width of the room was 12 feet. For the test 
area, the height was eight feet. The room coeffi 
cient was therefore k, .667, and the total lumens 
incident on the floor were the sum of the values in 
each one-foot floor square. If the room were 7 feet 
high, the room coefficient would be 4 583, and 
because there was no change in the luminaire out- 
put, the total floor lumens would have been the sum 
of the readings on the floor and the bottom foot of 
wall. That is, the flux incident on the now non 
existent bottom foot of wall would be instead in 
cident on the floor. Since only total incident flux 
is of importance, it is not ne cessary to measure 


specific floor illuminations for the 7-foot height. 


This procedure is also used for other room heights 


of 6 to 0 feet. The purpose is explained later. 


It is common knowledge that shape and not size 


See Appendix B 
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of a room specifies the light distribution, There- 
fore instead of decreasing the height we could have 
increased the width. But the same results would 
have obtained, and the mathematical method of 
changing the height is far simpler than the ex 
perimental method of changing the width. 

The efficiency is defined by the familiar equation 
output/input. 

The coefficient of utilization is defined by the 
equation 

Total lumens on working plane 
input 


The quotient of coefficient of utilization to effi- 
ciency is the interflectance (called, in the Lumen 
method, the utilization factor). 

The general equation for the interflectance is 

(=f, F:/Fp 4 


Ie F, Fy t fs Fs; Fp, 


where f; = wall lighting interflectance 

ceiling lighting interflectance 

floor lighting interflectance 

percentage of luminaire lumens incident 
on walls 

percentage of luminaire lumens incident 
on ceiling 

percentage of luminaire lumens incident 
on floor 

total lumens emitted from luminaire 


F, ? F. + Fs. 


In particular application of ceiling lighting sys- 
tems, no light is incident on the ceiling, so that 
F./F, = 0. The interflectance reduces to 


f=f, FPi/Fo+ fs Fs/F ov 


The values of f; and fs are functions of the room 
coefficient and the surface reflectances. Values of 
F,/Fy» and F;/F, are functions of the room co- 
efficient only. 

Now the reason for calculating floor lumens as a 
function of room shape becomes evident. A further 
change in the last equation permits the calculation 
of only one of the F/F'y ratios: 

hy) =P 

Fy 
The ealeulated values of F's3/f'y» are plotted against 
room coefficient. A typical distribution is shown in 
Fie. 4 for 45° cutoff louvers and for diffusing glass 

From the plot, values of F';/F'p can be picked off 
at room coefficients the same as are used in the 
tables of interflectance. 


All the equations must be examined to determine 


*See App ndix ¢ 
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Figure 4. Percentage of total output of luminaire inci- 
dent on floor (F,/Fo) vs room coefficient (k,). As ex- 
pected, the louvers are more “concentrating” than the 
diffusing glass. Curves are extrapolated beyond k, — 0.667. 


the magnitude of the effects of the many variables 
As the cavity room coefficient changes, the ceiling 
reflectance of the room to be lighted changes. For 
direct the effects of 


reflectance are generally small, so if lesser accuracy 


luminaires changing ceiling 


is desired, changes in ceiling reflectance can be 


neglected. This procedure is not endorsed 

Once the proper values are determined, calcula- 
tions of interflectance can be made for all combina 
tions of room coefficient and surface reflectances, 


according to the last equation, and the interflect- 


ance tables can be constructed 


It is standard procedure with “point source” 


luminaires to tabulate coefficient of utilization. 


Where the efficiency is 
plied by the interflectance 
With ceiling lighting systems, how- 
efficiency 1s a the 
the interflectance is a func- 


constant it can be multi- 


to obtain the coefficient 


of utilization 


ever, the function of room c¢o- 
efficient of the cay ity . 
the coefficient of the 


There is, 


room room to be 


tion of 
lighted 
no correspondence between these two room coeffi- 


unless assumed to the contrary, 


cients. Therefore the constituents must be given 


It is up to the designer to select the 
the 


separately 


efficiency and interflectance according to his 


specific information, and make the product himself 


utilization 
for the room and ceiling combination. This coeffi 
into the basic 


in order to determine the coefficient of 


cient of utilization is then entered 


equation for the calculation of illumination 
The 


shielding media 


procedure described must apply to any 
It was followed for both 45° x 45° 
eggerate louvers and for diffusing glass. The re- 
sults were checked against experimental informa 
tion and were found to be in substantial agreement. 
Differences were well within the 10 per cent con 


sidered acceptable 
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There is a conceptual problem with louvers which 
does not exist with other shielding media: various 
equations employ the reflectance and transmittance 
of the shielding. These characteristics are the 
“integrated” properties; they are not the reflect- 
ance and transmittance of the blade material. 

Another theoretical problem arises with the use 
of louvers which does not seem to have an answer; 
nor does it seem to exist in fact. Simple solutions 
of the integral equations which form the basis of 
the interflectance method required the assumption 
that the room surfaces are perfectly diffusing. As 
a reflector a louver appears to be markedly non- 
diffuse. Because of this, some difference is to be 
expected between the and calculated 
data. No such difference appears to exist; what- 
ever difference does exist cannot be attributed di- 
rectly to this cause. The problem warrants further 


measured 


investigation. 

Comparison was made between the calculated 
interflectances and the Harrison-Anderson utiliza- 
tion factors, both for the louvers and diffusing 
glass. Insofar as the two could be compared, no 
significant relation between the two could be found. 
No reason has been advanced which would indicate 
a relation between the two. 


Summary 


An attempt has been made to answer the need 
of a generalized system of photometrics which is 
applicable to all luminaires. The described system 
applies expressly to large-area luminaires. The 
same general system will apply, with some neces- 
sary operational (not systemic) modifications, to 
small-area luminaires. 

The photometric procedure is not presented as a 
final answer to a specific problem. It is hoped that 
the description may serve as a guide, in the absence 
of any accepted procedure, which does give results 
which agree with measurements. The description 
is also presented as a simple introduction to a dif- 
ferent system of photometry, in the hope that it 
will stimulate a greater interest in an important 


and pressing problem. 


APPENDIX A 
methods of converting this measured 
1) multiply the measured 
brightness by the published value of lamp output, and 
divide this product by the published value of brightness. 
There is certain error in this method because of the rough 
2) eonvert this 


There are two 


brightness into lamp lumens: 


increments in which these values are given; 
measured brightness into candlepower, and then to lamp 
output, by several well-known formulas. 

The first method is preferred for its simplicity, the second 
for its accuracy. Because in the experiment described aecu- 
racy was desired, the second method was used. 
ENGINEERING 
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Basically this method is as outlined below: 
F= (F/I)! 
I = By A/a = Ba dL/« 
F = (F/I) (dL/w) Bes 
where F = lamp lumens 
I lamp 90° candlepower 
B.. = lamp average brightness 
A = projected area of lamp 


— diameter, d luminous length, L 


The lumen/candlepower ratio may be measured for each 
lamp or assumed to be 9.25. The diameter and luminous 
length can be measured simply. The average brightness 
must be measured by a brightness meter, or as it is called 
in this case, the pharometer. 

The defining equation of brightness is 

B=rE,/w 
solid angle subtended by meter aperture at a 
point P 
E, = illumination at P from flux coming through the 


where w = 


aperture. 


The equation is used to calculate the average brightness 
of that part of the lamp seen through the aperture. The 
average of a series of measurements along the entire length 
of the lamp is the average lamp brightness. 

Substituting this value of B into the equation 


F = (F/I) (dl/m) (wEa/w F/I) (dL /w) Eas 


If the pharometer has an aperture of length l, height d 
(= lamp diameter), and the receiving cell is set back a 
distance s from the plane of the aperture, then 


w dl/s’ (d<« 8, l« <8 and 


F (F/I) (L8*/l) Ea 


Where E.. is the average of the measured illumination. 
It is simpler to relate the center-line illumination to the 
average, which can be done by prior measurement, so that 
during test only a single reading need be taken on a lamp 
with the pharometer. The final equation is then 


F = (F/I) (Eae/Ect) (L.7/l) Eu 


The quantities F/I and Ea/Ecx are inherent properties 
of each lamp and can be predetermined. L, 8 and I are 
geometric properties which can also be determined. If L, s 
and | are in feet, then EF should be in lumens per square 
foot. The product (F/I & Ea/Ec: Ls*/l) can be made for 
each lamp, and lumped together as a single number for ease 
of computation. This constant, multiplied by the single 
measured illumination at the centerline, is the lamp flux for 


a lamp. 
APPENDIX B 
The defining equation for room coefficient is 


wall area 
4 
floor area 
where the multiplier %4 is used to normalize the room co 
efficient to unity for a cubical room 


For any rectangular room, the wall area is 


2 & height length +- width), 


and the floor area is 
length * width. 
Then, 
2hA+u 


4wl 
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For a square room, | = w, and 


h (ws + w) 
k, h/w as given. 


2w* 


APPENDIX C 


If the ceiling is of uniform brightness (perfectly diffus 
ing) then the interflectance is that given for Type Ila 
lighting. Few if any transmitting materials are of uniform 
brightness, so it is not advisable to use the Ila inter- 
flectance, but rather the Ib and IIIb interflectances. The 
interflectance equation becomes 

{=f Fi/Fo + fs Fs/Fo 
Since F,=— 0, then F,:+F Fo. Substituting PF; = Fo— Fs 


into this equation, 


f=fi-—fi Fs/Fo+fsFs/Fo, or 


fr—=fni-+ f,) Fs/Fo, also as given. 
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DISCUSSION 
DoMINA Eperte Srencer*: The paper presented by Mr. 
Losh represents a major step forward in the field of pho 
tometry. The other procedures of employing the interflection 
method that have been described in this session are merely 
stopgap approximations based on the inherently inadequate 
eandlepower distribution. It is time for the illuminating 
engineer to recognize that 8-ft. fixtures and 100-ft. luminous 
ceilings are not point sources. The work of Coradeschi and 
Innis' and of Losh are the first outposts of truly modern 
photometry. 
Mr. Losh has shown how pharos ratios for any type of 
lighting that covers the entire ceiling can be devised. 
A single curve provides sufficient information to calculate 


all the pharos ratios. The general equation is 


f= ay + fia, + fa 
where 


f interflectance of room, 


interflectance for wall lighting, Type Ib, 


*University of Connecticut, Storrs, Conn. 


Losh 





interflectanee for floor lighting, Type IlIb without 


direct light to principal surface, 


lumens to principal surface 


lumens from luminaire 


lumens to walls 


lumens from luminaire 


lumens to floor 


lumens from luminaire 
ceiling, and floor re 


For a given domanee kk, and wall, 
4 , 


values of f, and f, are read 


flectances p p md po, the ’ 


from the basic interfleetion tables.“ 


The pharos ratio for the floor ag, is found in Figure 4 for 


k of the room. The pharos ratio for the wall is 


The pharos ratio a,, for principal surface at distance h’ 


helow the ceiling ix found by reading the value from Fig. 4 


kh rample 


From the interfleetion tables- 


na Glass 


“44 ; o.10e6 Os] 
Without measurement of the pharos ratios, the illuminat 
both 


0.69, 


ing engineer might have attempted to approximate 


systems by a perfeetly diffusing ceiling for which /, 


Thus, be 


ing and 15 per eent low for a louvered ceiling. The 5 per 


would bn per cent low for a diffusing glass ceil 


cent discrepaney for the “diffusing glass” may be associated 
with the fact that such glass is by no means a perfeetly 
diffusing surface 

If the formula mentioned in 


ipproximate Losh’'s paper 


msumes that the pharos to floor and to principal 


had be 


which 


surface are the same en used, values of interfleetance 
would tn 

0.04 for diffusing glass, 

0.74 for louvered ceiling, 


per cent md o per cent respectively 


above example does not show 


efficient 


In passing note that the 


that louvered ceilings are mor than luminous 


eeilings. When the loganee of the luminaire is also included 
the coefficients of utilization will ordinarily be found to he 
greater for luminous ceilings than for louvered ceilings 

other engineers will follow 


It is to be hoped that many 


Vir. Losh in disearding point source photometry and in em 
in I 
ploying new, basically correct methods of dealing with mod 
ern lighting fixtures 
t ation 


Li MINATIN 


1 Rectangular Coordinate Photameter 


RK. D. BURNHAM The author has taken the first step in a 
much needed re-evaluation of classic photometry to cover 
large-area light sources. He is to be congratulated on de 
vising a system requiring a minimum amount of equipment 
and space to achieve relatively aceurate laboratory results 
with area luminaires which have been unwieldy in the most 
elaborate photometric laboratories. 

It is pointed out in this paper that there seems to be no 
difference when the luminous intensity deviates 
I hope Mr. Losh will continue his in 


measurable 
from Lamberts Law. 
vestigation to determine how warped the distribution curve 
can be without affecting the photometric results. 

One physical set-up is photometered. The data are then 
projected theoretically to cover larger and smaller rooms or 
rather, different k, values. In expanding these data, there 
must be a proportional change in plenum efficiency, as well 
as the ealeulated change in the light utilization in varying 
room sizes. The error in neglecting to compensate for vary 
ing plenum efficiencies could be in the order of 10 or 15 
per cent aceording to test results. It is not clear in the 


article whether or not this factor is taken into account. 
Vermilion, Ohi 


fF W. Wakefield Hras« Co 





Edison’s Fluorescent Lamp 


The following article as printed in the 1904 edition of 
the Encyclopedia Britannica was submitted by C. E. 
Weiter, as of interest in the year of Light’s Diamond 


Jubilee 


FLUORESCENT LAMP, an electric lamp invented 
by Thomas A. Edison in 1896. 


resembling that of the ordinary incandescent electric 


It has a bulb of glass 


light, except that it is more circular, and that the 


wires enter at a greater distance apart. There is no 


platinum film to become incandescent, the light being 
obtained by coating the inside of the glass bulb with 


tungstate, against which the lines of force of the 


currents from the wires are directed, so that the mole 


ules of air strike the tungstate, rebounding in a’! 


directions, and eausing fluorescence. It is not neces 


sury to maintain as perfeet a vacuum as with the in- 


candeseent lamp and the whole globe glows with a 


white light that bears a strong resemblance in appear 
ance to sunlight. The tungstate is attached to the 
Other 


glass by fusion fluorescent metals besides 


tungstate may be used. No perceptible heat is devel 


oped by the light, which is in marked contrast to the 


incandeseent lamp, which develops 95 per eent of heat 


ind only 5 per cent of light. Professor Edison states 


that the Fluorescent lamp of 2-candie power will light 


a room as well as a 16-candle power incandescent 


lamp, though the photometer shows only about twice 


as great illuminating effeet for lamps of the! same 


candle power It is also claimed that the new ‘amps 


will last much longer than the ineandeseent, since 


there is no filament to burn out 


ENCYCLOPAEDIA BRITANNICA 1904 
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KL 1000 W INCANDESCENT FILAMENT LIGHTING UNIT 
—= 3SKW MERCURY VAPOR LIGHTING UNIT 


INSTALLATION AT JONES AND LAUGHLIN STEEL CORPORATION, PITTSBURGH, PENNSYLVANIA. 




























High-Bay Industrial Lighting 






LIGHTING OBJECTIVE: To illuminate the searfing area of a steel mill to facilitate detection and 


removal of defects in billets and slabs 










GENERAL INFORMATION: In this searfing areca steel is inspected for surface imperfections such 


as seams, cracks and tears, which are then removed with acetylene torches, saws, ete. The area is 






approximately 350 by 120 feet. The floor is dirt 





INSTALLATION: Miller Company type PAM 3000 mercury vapor luminaires (3000-watt lamp) and 


Holophane type 691 AL high-bay incandese*nt filament units (1000-watt lamp) are spaced as 





shown above, 45 feet above the floor. The mercury vapor units are operated from the local 





electric utility's 60-cycle 440-volt 3-phase power supply. For continuity of service should the 





outside power service fail, the .ncandescent filament units are connected through auxiliary trans 






formers to a 115-volt 25-cycle service supplied from the steei mill’s power plant. 






Average illumination in service is 45 foot andles, All lighting equipment is out of the normal 





field of view 










Lighting data submitted by A. G. Caplan and E. M. Wenner, Duquesne Light Company, 
Pittsburgh as an illustration of good lighting practice and to aid in the design 
of similar installations. 


Published by the Committee on Publications of the Illuminating Engineering Society, 
1860 Broadway, New York 23, N. Y. 
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vestions and PXinswers 


on light sources 


The 1.E.S. Committee on Light Sources, under the chairmanship of H. F. 
Davidson, has prepared this discussion as an answer to a question on 
interchangeability of fluorescent lamps. Readers are invited to submit 
other questions of general interest on light sources to be considered for 
publication. Questions may be sent in care of Society Headquarters. 


What are the differences between the 48-inch 
T-12 Preheat, Instant Start, and Rapid Start Bi- 
Pin lamps and what about their interchange- 
ability? 

Externally, these lamps are identical in appear- 
ance except for their marking. They are physically 
but not electrically interchangeable with the excep- 
tion of the rapid start lamp which may be operated 
on a preheat type ballast 

Internally, these three lamp types differ only in 
electrode construction, each of which is designed 
for use with a specific ballast and circuit as follows: 


l. Preheat-Start. This is the oldest (1939) and 
best known method of fluorescent lamp operation. 
During the starting eyele, a preheat current of 
0.55-0.75 amperes is passed through the eathode 
coils by means of a special starter switch to bring 
them up to an adequate electron emitting tempera- 
ture before the switch opens. After starting, the 
electron bombardment maintains the cathodes at a 
good electron emitting temperature 

2. Instant Start. In this method of lamp opera- 
tion the ballast provides a relatively high open cir- 
euit voltage (450 volts) which is adequate to start 
without the use of starter 
“cold 


cathode” but are quickly brought to proper operat- 


the lamps instantly 
switches. Thus the lamps obviously start 
ing temperature and maintained in that condition 
by the electron bombardment Specially designed 
cathodes are required to resist properly the rigors 
of this method of starting. Safety regulations re- 
quire that the primary circuit of the transformer be 
disconnected whenever a lamp is removed. The 
method used to accomplish this requires that the 
base pins of each lamp be short circuited inside the 
lamp base. Sinee the open cireuit voltage of instant 
start ballasts is not sufficient for reliable starting 
under high humidity conditions if a moisture film 
is permitted to cover the lamp bulb, this situation 
is prevented by applying a water repellent coating 


to these bulbs. This coating, which is a silicone, 
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prevents the formation of a continuous moisture 
film and therefore insures reliable starting under 
such adverse conditions. 

3. Rapid Start. Rapid Start lamps have a third 
type of cathode construction. In Rapid Start oper- 
ation, the cathodes are continuously heated by 
separate heater windings on the ballast. For rea- 
sons of quick and economical heating these cathodes 
are designed so that they attain an electron emit- 
ting temperature with only 0.38 amperes at 3.5 
volts of heater power. These lamps require no 
starter switch; they glow as soon as power is ap- 
plied and come up smoothly to full light output in 
about 2 seconds. The open cireuit voltage of the 
ballast is a little over 200 volts for single lamp or 
lead-lag operation and just under 300 volts for 
series operation. Grounded metal reflectors are nec- 
essary for all Rapid Start circuits. Grounded elec- 
trical systems are usually required for single-lamp 
and lead-lag ballasts. Water-repellent coatings are 
applied to the lamps to assure reliable starting. 


Interchangeability 


Ballast Lamp Results 


Preheat Preheat OK Normal rated operation 
Instant NG Won't start. Filament is short-circuited 
Start inside lamp base. Starter will keep trying 
until failure or disconnected 


Rapid 


Start OK - Satisfac tory operation 


Instant Preheat NG Will start. Very short life because pri- 
Start mary current flows through one filament, 
causing early darkening and early failure. 


Instant 


Start OK Normal rated operation 


Rapid NG Will start. Very short life because high 
Start primary current flows through one filament 
designed for low heating current 


Preheat NG Not recommended. Might start with best 
grounding and high line voltage but doubt 
ful and unreliable under usual field condi- 
tions 


Instant NG — Won't start Short circuited filament 
Start across heater winding will overheat ballast 
and could cause burnout 


Normal rated operation 


Rapid OK 


Start 
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1.E.S. Guide for the 


Electrical Measurements of Fluorescent Lamps 


FOREWORD 


The following report replaces the 
1948 guide of the same title. 
ence gained in this field after the 1948 


Experi- 


report was issued has resulted in the 
need for this revision, which lays spe- 
cial emphasis on the features most re- 
sponsible for variations in perform- 
ance, 

This guide was presented at the In- 
ternational Electro-technical Commis- 


held 


June 1953 with favorable response. 


sion in Opatija, Yugoslavia in 


SUBCOMMITTEE FOR Revision or I.E.S. 
Guipe ror ELEcTRICAL MEASUREMENTS 
oF FLvorescent LAMPS 


Arthur W. Weeks, Chairman 


E.C.Brueckmann  E. M. Kooker 
Rudolph Hultgren W. F. Little 
Leslie Innis J. H. Park 


Arthur Sharkey 


CoMMITTEE ON TESTING PROCEDURES 


FOR ILLUMINATION CHARACTERISTICS 


G. A. Horton, Chairman 

Kurt Franck, Vice-Chairman 
E. W. Beggs 
J. E. Bock 
R. D. Bradley 
E. H. Chureh 
Robert Faucett 
D. M. Finch 
S. McK. Gray 
W. G. Hill B. H. Schultz 
A. W. Kraweek R. P. Teele 

A. W. Weeks 


A. P. Larson 
W. F. Little 

J. A. Losh 

J. H. MeCulloch 
P. O. Meaker 

F. M. Neal 

D. W. Rowten 


1. General 
(a) This guide describes the proce- 


dure to be followed and the precau- 
tions to be observed in measuring the 
electrical characteristics of fluorescent 
lamps on alternating current circuits. 
These methods are applicable both to 


Approved by the Council of the Illuminating 
Engineering Society, June 1953 
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Prepared by the Committee on Testing Procedures for Illumination 


Characteristics of the Illuminating Engineering Society 


hot cathode lamps having self-heated 
eathodes and to cold cathode lamps. 
Hot cathode lamps having externally 
(such as the 


heated cathodes 


start lamps) present additional mea- 


rapid 


surement problems which are not cov- 
ered by this guide. 
(b) 


to outline 


It is the purpose of this guide 
methods of measurement 
which will make it possible to obtain 
basically accurate 


reproducible and 


measurements of fluorescent lamps. 


2. Power Supply Characteristics 
2.1—W aveshape—The a-c power sup- 
ply shall have a voltage waveshape 
that the the 
harmonic components shall not exceed 


such rms summation of 


three per cent of the fundamental. 


2.2—Voltage Regulation — The line 
voltage shall be as steady and as free 
from sudden changes as possible. For 
best results the voltage should be regu 
lated to within £0.1 per cent. If ade 
quate automatic regulation is not avail 
able, constant checking and readjust 
ment are essential if accurate measure 
ments of lamp characteristics are to be 


obtained. 


Nore: If the static type of voltage sta 
bilizer is used, it is particularly 
important to check the wave- 
shape to see that it meets the 
specification given above in 2.1, 


Wavesha pe. 
3. Ambient Conditions 


Certain of the electrical characteris 
ties and the light output of the fluores- 
cent lamp probably are more sensitive 
to variations in ambient temperature 
the 


controlling 


or air movement than are usual 


means of determining or 
room air conditions. Means of exactly 
test 


conditions have not yet been developed. 


specifying the desired ambient 
Pending further investigation of ways 
and means of both specifying and con 


trolling the necessary ambient condi 


Electrical Measurements of Fluorescent Lamps 


tions to provide reproducible measure- 
ments, the following are offered for 


use, 


3.1—Temperature—The room in 
which lamp electrical measurements are 
being taken should be maintained at 
SOF(S1F). 
be measured at a point not more than 


This temperature should 


five feet from the lamp and at the same 
height as the lamp. If the ambient tem- 
perature deviates from 80F by more 
than one degree, it should be so stated 
in the test report. If temperature cor- 
rections the 
factor should be stated in the report. 


3.2—Freedom from Drafts—(a) The 


presence of drafts on the surface of a 


are applied, correction 


lamp under test will substantially alter 
the electrical and light output values. 
Slight drafts which might easily escape 
normal observation can cause impor- 
tant changes in the measured values. 
When electrical measurements of fluo- 
rescent lamps are being made, extreme 
caution must be exercised to reduce air 
movement to the lowest possible mini- 
mum if reproducible or accurate results 
are to be obtained. 

(b) To the effect 


circulation, lamps should be operated 


minimize of air 
in a horizontal position when measure- 
ments are being taken. Lamps must 
not, however, be operated in small en- 
closures where the bulb wall tempera- 
ture of the lamp might be increased 


above normal. 


4. Ballasts 

(a) When the electrical characteris- 
tics of a fluorescent lamp are being 
measured, the lamp should be operat- 
ing in conjunction with a Reference 
Ballast of the appropriate rating. The 
use of a ballast having different char- 
acteristics (even though of the same 


impedance) can materially alter the 
electrical values of the lamps. The gen- 
eral characteristics of Reference Bal- 
lasts are described in the proposed 
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TRANSFORMER (2) 





REFERENCE 
BALLAST 

















(1) THIS SIDE OF CIRCUIT SHOULD BE THE ONE CONNECTED TO GROUND IF A GROUNDED 


SUPPLY SYSTEM IS USED. 


(2) IT MAY BE NECESSARY TO INSERT A TRANSFORMER AT THIS POINT IN ORDER TO 
OBTAIN THE OPEN CIRCUIT VOLTAGE REQUIRED BY THE REFERENCE BALLAST FOR 
CERTAIN SIZES OF LAMPS. EITHER AN AUTOTRANSFORMER OR A DOUBLE WOUND 


TRANSFORMER MAY BE USED 
Figure 1 


Standard 
Fluorescent Lamp Reference Ballasts, 
C82.3. This 


proper impedance value for the Refer 


\merican Specitication for 


standard also gives the 
ence Ballasts corresponding to each of 
the lamp sizes for which lamp stand 
ards have been prepared. 


(b) 


taken on a lamp of a size for which no 


If electrical readings are to be 


standard exists, the ballast used should 
he one complying with the general re 
quirements of CS2.3. The impedance 
of the ballast should be such that the 
supply voltage will, for preheat-start 
the 


instant-start 


lamps, be approximately twice 


three 


voltage 


three to 


lamps, and one-half 
times the lamp voltage. 


(c) 


nme asionally he 


For special purposes it may 
desirable to determine 
the electrical characteristics of lamps 
when they are operated by other than 
Reference Ballasts. Where this is done, 
it must be remembered that such re 
sults are meaningful only for the par 
ballast which 


eirenit with 


Such 


tieular and 
results 
not with 


taken on a Reference Ballast. 


data 


they were obtained 


directly comparable 


5. Circuits 
(a) 


reseent lamp is shown in the diagram 
of Fig. 1. The Reference Ballasts used 
for the 


The operating cireuit of a flue 


lamp measurement are ot 
series-reactor type and do not inelude 
a step-up transformer. In many cases 
a separate step-up transformer may be 
needed to provide the line voltage re 


quired by the Reference Ballast. 


is 


Measurement circuit for fluorescent lamps. 


(b) 
of eonnecting 


eult 


element of the wattmeter are connected 
on the lamp side of the current mea- 
should 


suring instruments. Switches 


he provided so thet each instrument 
ean be removed from the circuit when 


it is not being read. These 


should have low resistance and should 
this 
knife switches are used, 


be well maintained to preserve 


property. It 


a by-pass lead at the hinged end of 


each switch is recommended. 

(c) 
up either with or without the imped 
the 
coil included 


ance ol ammeter and 


eurrent 
ballast 


characteristics. Either 


dure is satisfactory, but it is important 


that instrument corrections be deter 


mined for the particular method being 


ueed (see Section 9). If 











(a) (b) 


Figure 2. (a) Crossover and (b) parallel 


lamp connections. 


kle elru al Veasure ye nits ol Fluore Sc nit Lamps 


The diagram shows the method 
instruments in the eir- 
The voltmeter and the potential 


switches 


Reference Ballasts may be set 
wattmeter 


in the measured 


proce- 


the ammeter 


and wattmeter current coil are included 
in the ballast impedance, these instru- 
ment coils must be left in the cireuit at 
all times. 

(d) If the starting switch for a pre- 
heat-start lamp is normally shunted 
by a capacitor, this capacitor should 
be disconnected before readings of 
lamp characteristics are taken. 

(e) 
preheat-start lamp and its attendant 
The for 
an instant-start type of lamp are, of 


The diagram as drawn shows a 


starting circuit. connections 
course, identical except for the omis- 
sion of this starting cirenit. 


6. Lamp Connections 
6.1—Preheat-Start Lamps — (a) Hot 


cathode bipin lamps are provided with 
two contact pins on each end of the 
lamp. One pin at each end is connected 
to the operating circuit and the re- 
maining two pins are connected to the 
starter circuit. For consistent results, 
each lamp should always be operated 
with the same two pins connected to 
the operating cireuit. This includes not 
only the operation of the lamp while 
measurements are being taken but also 
all other periods of operation prior to 
the time of measurement. 

(b) One pin at each end of the lamp 
should be marked to indicate the oper- 
ating cireuit. The cross-over scheme is 
recommended as a standard procedure, 
but the parallel system, if consistently 
followed, will give equally satisfactory 
results. Fig. 2 shows both schemes of 
connections, 
6.2—Instant-Start Lamps—No mark- 


ing is needed for instant-start bipin 


lamps or single pin lamps. 


7. Lamp Stabilization 


Before 
taken the lamp should first be burned 


(a) any measurements are 
long enough to attain stabilization and 
temperature equilibrium. A period of 
15 minutes’ continuous burning usually 
is sufficient to accomplish this but it is 
hetter to rely on periodie checks of 
lamp voltage rather than merely the 
elapsed time. When the lamp voltage 
stops drifting downward, the lamp has 
then reached equilibrium. 

(b) If lamps are warmed-up on one 
ballast and then transferred to a dit 
ballast 


additional 


measurement, an 
the 
measurement cireuit is usually neces- 


ferent tor 


period of burning in 
sary to bring the lamp to equilibrium. 
The length of the additional burning 
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period can be kept to a minimum by 
transferring the lamp without extin- 
guishing it and also by using Refer 
ence Ballasts in the warm-up circuit. 
If the lamp is extinguished during the 
transfer, or if the warm-up ballast 
does not match the measurement bal- 
last, the additional burning time in the 
measurement circuit will be longer, 
possibly as long as five or ten minutes. 

(c) No lamp which shows swirling 
or other abnormal behavior may be 
considered to be stabilized for measure 


ment purposes, 


8. Instruments 


8.1—Accuracy — Instruments should 
be selected which have a guaranteed 
with the re 


accuracy commensurate 


quirements of the test. Seale calibra 


tion is essential to obtain reasonable 


accuracy of results. 


8.2—Impedance Limitations — (a) 
High potential-cireuit impedance and 
low current-circuit impedance are de 
disturbance of 


sirable to reduce the 


the circuit caused by the presence of 
the instruments. 

(b) Instruments connected in paral 
lel with the lamp should never draw 
more than three per cent of the rated 
lamp current. 

(c) Instruments connected in series 
with the lamp should have an imped 
that 


exceed two per cent of the rated lamp 


ance such the voltage does not 
voltage. 

(d) Potential-cireuit amplifiers hay 
ing high input impedance and an accu 
rately controlled gain may be inserted 
to avoid corrections due to disturbance 
of the lamp circuit. The output of 
such amplifiers must faithfully repro 
duce the input voltage with respect to 
value (or a thereof), 


rms multiple 


waveshape and phase relation, 


8.3—RMS Measurements—The volt 
age across a fluorescent lamp has a 
distorted waveshape which departs con 
siderably from a true sine wave. There 
fore, the instruments used in lamp cit 
cuits must be of a type whose deflection 
depends upon rms values. Instruments 
calibrated in rms 


w“ hose seales are 


values but whose deflections depend 


upon average or peak values should 


not be used. 


8.4—General Characteristics of a-c 


Instruments — A discussion of the 
characteristics of the following types 
of instruments may be helpful. 
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8.4.1—Electrodynamic 


instruments 


KI ectrody 
deflection 


which is proportional to rms values 


namic give a 


and they can be designed for accurate 


measurements over a moderate range 


of frequency. Most electrodynamie in- 
struments have fairly low potential 
cireuit and high current cireuit imped- 
ances, but designs are available whose 


characteristics are within allowable 


limits for fluorescent lamp cireuits. 
Most electrodynamic instruments can 
he calibrated by means of reversed 
readings on direct current and they 
It should be 


vari 


naintain ealibration well. 


noted, however, that in certain 
eties of these instruments, the hystere 
sis loss is high enough so that direct 
current calibration alone may not al 
such cases the 


ways be reliable. In 


instruments must be calibrated on al 


ternating current. 


8.4.2—KIk etrostatu 
the deflection of 


In most designs 
electrostatic instru- 
ments 1s proportional to rms values. 
These instruments are accurate over a 
wide range of frequency and their po 
circuit impedances are 


tential very 


high. Their deflection torque is very 
low and because of this they require a 
fairly long time to reach a steady de 
also subject to zero 


flection. They are 


shift. 


lron-vane imstru 


8.4.3—Il ron 


ments give a deflection 


} ane 


which is pro 


portional to rms values and they can 


he designed for use over a moderate 


range of frequeney. As in eleectrody 


namic types, a design whose imped 


ances are within the allowable limits 
must be chosen. Theoretically these in 
struments should be calibrated only on 
alternating current because hysteresis 
oceurs to some degree in the vane. 
Practically, however, the hysteresis in 
modern instruments is often so small 
that 


used with satisfactory results. 


direct current calibration can be 


8.4.4—Thermal The deflection of 
thermal instruments is proportional to 
rms values. These instruments are ac 
curate over a wide range of frequency 
and their potential cireuit and current 
cireuit impedances are usually within 
required limits. However, their calibra 
tion depends rather critically upon in 
strument temperature, the change being 
from 0.1 to 0.3 per cent per degree 
Centigrade. Therefore, it is very im 
portant that the instrument tempera 
uniform and con 


ture be maintained 


(no sources of heat located near 
that the instru- 
at the same tem- 


stant 
the instrument) and 
ment be calibrated 


perature at which it is used. 


8.4.5—Rectifier—The deflection of ree- 
tifier instruments is proportional to 
These 


therefore, should not be used to mea- 


average values. instruments, 


sure the rms value of a distorted wave. 


8.4.6—F lectronic 


deflection of electronic instruments de- 


In most designs the 


pends upon peak or average values. 
Such 


for rms 


instruments should not be used 
measurements of a distorted 
wave. However, some designs of elec 
tronic instruments may be suitable for 
rms measurements. An investigation 
of their accuracy in fluorescent lamp 
made before such 


cireuits should be 


instruments are used. 


9. Corrections to Compensate for 
the Presence of Instruments 
in the Lamp Circuit 
9.1—General—(a) In measuring elee 
trical values in fluorescent lamp cir- 
cuits it take 


into account the change in the cireuit 


is usually necessary to 
caused by the presence of the instru 
ment. In determining the required cor 
reetions the basic method to be used is 
the “restoration-of-light” method in 
which a suitable photoelectric cell is 
used to measure lamp brightness. The 
the cell read on a 


output of may be 


galvanometer, microammeter or other 
suitable indieating device having a sen 
comparable to the electrical 


The cell should be so 


sitivity 
instruments used, 
located that it sees the central portion 
of the lamp and it should be baffled to 
prevent its being influenced by extrane 
ous room light. The procedure is as 
follows: 

1. Set the proper rated line voltage 
across the lamp and Reference Ballast. 

2. Note the lamp brightness as indi 
cated by the photoelectric cell reading. 

3. Insert the 
voltmeter, or wattmeter) and with line 


voltage held constant, observe the in 


instrument (ammeter, 


strument, indication. 
1. Readjust the 
the output of the photoelectric cell is 


line voltage until 
the same as before the instrument was 
inserted. 

5. Reeord the reading of the instru 


Within 


very close limits, this value will be the 


ment under this new condition. 


same as would have been obtained at 


rated line voltage if the instrument 


did not alter the lamp eireuit. 
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6. Remove the instrument from the 
circuit and recheck steps (1) and (2). 
The photocell indication should agree 
with that originally obtained 

7. The difference between the instru 
eorded in (5) and 


ment indication re 


that re« used as 


added 


from) observations 


may be 


to be 


orded in (3), 


an instrument tion 


to (or 


corres 
subtracted 
made when holding rated line voltage 
This correction, of course, applies only 
for that 
used with that size of lamp. 

(b) It should be noted that the read 
ing for only one instrument at a time 
obtained by the 
Also, instrument 
must still be 
wattmeter the power taken by its 
tential cirenit (27/2) must be sub 


particular instrument when 


ean be above proce 


dure seale correc 


tions applied and for a 


tracted from the correction obtained 
(c) The 


exact procedure to he fol 


lowed also depends upon whether the 


instrument current coils are or are not 
Ballast im 
The procedure is somewhat 
different for each of the three 


ments in the lamp cirenit as outlined in 


included in the Reference 
pedance 


instru 


the following paragraphs. 


9.2—Correction for Lamp Ammeter 
Reading—(a) If the current coils have 
been included in the measured imped- 
ance of the Reference Ballast, no cor- 
rection is needed for the presence of 
this 
of-light 


and the ammeter 


instrument (i.¢., the restoration- 


should not be used), 


must be left 


method 
in the 
circuit at all times. 

(b) If the 


heen included in the Reference Ballast 


coils have not 


eurrent 


impedance, the ammeter eorrection 
should be obtained by the restoration- 
of-light 
not be left in the cireuit while readings 


being taken. 


method. The ammeter should 


of other instruments are 


9.3—Correction for Lamp V oltmeter 
Reading- Regardless 


dure is followed for the current coils, 


of which proce 
the correction for the voltmeter read 
ing is obtained by using the restora 
tion-of-light The 
should not be left in the circuit while 


method. voltmeter 
readings of other instruments are being 
taken. 


9.4—Correction of Wattmeter Read- 
ing—(a) If the current coils have been 
Reference 


included in the measured 


Ballast impedance the wattmeter cur- 
rent coil must be left in the circuit at 
all times and no correction need be 
made for the presence of this coil. The 
correction for the presence of the po- 
tential coil may be obtained by using 
the restoration-of-light method and 
then subtracting the power in the po- 
(E£7/R). It will some- 
that the 


watts when the lamp brightness is re- 


tential circuit 


times be found inerease in 
stored is very nearly equal to the de- 


When 


this condition prevails it is then pos- 


crease when E*/R is subtracted. 


sible in routine work to omit both cor- 
rections and use the wattmeter read- 


(An 


scale 
still be 


ings directly. instrument 


correction, of must 


made. ) 


(b) If the 
been included in the Reference Ballast 


eurrent coils have not 
impedance, the correction for both the 
current and potential coils may be de- 
termined at the same time by the 
restoration-of-light method. The power 
in the potential coil (F*/R) must be 


subtracted from the reading obtained. 





Industrial Lighting for Easy Maintenance 


The management of the Acme 


Tank & 


Welding Division of United Tool & Die Co., 
in Hartford, wanted an abundance of light 
in their new shop with a fixture easy to keep 
clean without removing the lamps to do the 
cleaning. The area, which has a smoky and 
dirty atmosphere from the welding of steel 
tanks, is 120 x 38 feet with a 15-foot ceiling. 


Thirty-four 


totally enclosed luminaires, 


each with two 96-inch slimline lamps, have 
ribbed glass bottoms which lift out for wash- 
ing. The units are mounted in three rows on 
10-foot centers. Illumination level after five 
months’ operation without cleaning was 20 
foctcandles. 


The floor 


is of unpainted concrete, and 


walls and ceiling are sheet steel with a coat- 
ing of asbestos to help reflect the outside 
heat, and at the same time helping to reflect 
the light in the shop. 


This 


installation won second prize for 


Harold R. Young, Litecontrol Corp., in the 
Connecticut Section’s 1953 contest for My 
Most Interesting Lighting Job. T. J. Martin 
Electric Co. were contractors. 
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Dr. Erwin F. Lowry Awarded 1.E.S. Gold Medal 


In recognition of his many contributions 
to improved fluorescent light sources, the 
LES 


the selection, by the 


Council has unanimously approved 
Medal Award 


Foster 


Gold 
Low ry 
Medal 


Highest honor in illumination, the I.E.S 


C‘ommittee, of Dr. Erwin 


ns recipient of the L.ELS. Gold 


Gold Medal is awarded to give recogni 


tion to meritorious achievement which 


has conspicuously furthered tl 


profes 


s1oOn i or knowledge of illuminating 


enginecring 


This is the first tine i physicist en 


gaged in light source research has been 


chosen to reeeive the Society's highest 


Medal and 


citation will be 


award Presentation of the 
accompanying 
President 


Technical Conference in 


made by 
Manwaring at the National 
Atlantic City the 


week of September 13 


From Dr. Lowry’s research there have 


emerged nearly thirty patents, almost all 
of which are related to gaseous discharge 
devices, ¢ specially cathodes Most of his 
contributions to the art and science of 
lighting are fourd in the development of 


the fluorescent lamp 


Prior to his work on light sources he 
vas engaged in radio tube research, From 


the early days of the radio industry, 
platinum was used in radio tube cathodes 
heecnuse it was the 


that 


tule operation 


only metal known at 


the time would not oxidize during 
brilliant re 
that other 


used but that 


Low ry "s 


searches on alloys proved 


metals not only could be 
From 
nickel 


tubes 


they would make better cathodes. 


his diseoveries came the use of 


illoyvs now standard for radio 


Later the use of tungsten for certain 


types of eathodes followed as a logical 


result. 
For the 


Low ry has 


past twenty-five years Dr 


devoted his efforts to the 
specialized problems involved in the de 
sign and development of cathodes for gas 
filled tubes. Several new cathodes were 
found but, from the standpoint of fluo 
rescent lamps, his most important work 
was his investigation of methods of pro 
tecting oxide cathodes from the injurious 


effect of ion bombardment. 
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Dr. E. F. Lowry 
1.E.8. Gold Medallist 


In the sixteen vears since fluorescent 


lighting came into commercial use, fluo 


rescent lamps have made greater gains in 


improved characteristics than any othe 


light source, many of which can be at 


tributed to the work of Lowry and the 


group he directed. Lamp life was i 


creased from something less than 400 


hours to something better than 7500 


through the use of zirconium 


nours 


oxide as a eathode material. Early fail 


ures were reduced and group replace 


ment of fluorescent lamps became mor 


practical Other developments have 


greatly improved maintained light out 


put Dr. Lowry was also one of th: 


pioneers in the development of fluores 


cent lamps and circuits designed for 


starterless operation; he introduced 4 


lamp of this type in 193% 


In the field of phosphors Lowry initi 


ated and directed research that has re 


sulted in improved color 


greater light output and through phos 


phor stability, in large gains in lumen 


maintenance 


Of importance both in the United 


States and abroad has been the series of 
papers, principally before the Illuminat 
ing Engineering Society, in which Lowr 
data to correlate the 


cdlise lose d resenre h 


lectrical ind) light § characteristics of 
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uniformity, 


eC 8 & Bo 
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orescent lamps This series, which con 


stitutes the bust data on fthioreseent 


Ltn ps, has mince it possible to design 


fluorescent lamps to fairly rigorous speci 
fientions 


Dr. Lowry initiated and direeted the 


research which led to the development of 


the electro lumimescent lamp as a pra 


tienl deviee; and has presented several 


papers on this investigation both before 


LES. and other seientifie and engineer 


ing bodies 


\ Fellow of LES 1950), Dr. Lowry 


has been active in Society work having 


heen chairman of the Light Souree Com 


mittee and the Committee on Fellows 


He has presented numerous papers before 


the Society and other technical bodies 


ind has written many 


urticles In ald 


tion to his L.ELS. aetivities, Lowry is a 


member-at-large of the United States 


National Committee, C.IE.. a member of 


the American Physieal Society and of 


the Electrochemical Society where he has 


taken an active part in the Luminescence 


Section of the Eleetronies Division, of 


vhieh he is a past chairman 


Born in Ridgeway, Michigan, in 181, 


he received his bachelor’s and master's 


degrees from Ohio Wesleyan University 


ind his doector’s degree from Ohio State 
member of the 


Weslevan, 


University He was a 


faculty of Ohio Pittshurgh 


ind Ohio State 


After receiving his doctor’s degree in 


1923 Lowry joined Armstrong Cork Com 


puny as a research engineer, Then until 


1936 he was in charge of researeh and 


ile velopment of oxide cathodes for West 


nghouse Eleetric & Manufacturing Com 


pany. For three vears he was director of 


research for Continental Eleetrie Com 


pany where he developed a line of recti 


fiers and thyratrous. The following year 


he was engaged in the development of 


fluorescent lamps for Flexolite Company 


where he was director of research 


Since 1940 Dr 


Lowry has been asso 
ciated with the Lighting Division of Syl 
Products Ine 


vania Eleetri« where he is 


now manager of the Lighting Engineer 


ing Laboratories 
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Council Meets in New Orleans 
Summary of Action Taken 


The success of last year’s “away from 
headquarters” Council meeting (in Dallas, 
April 
erm meeting in 
Many 
tended the Southern Regional Conference 


New 


led to a similar south 
New April 10 


also at 


Texas last 
Orleans 
members 


regular Council 


which was held in Orelans the two 


days previous, and the Region’s officers 
and other Southern members had an op 
portunity to sit in on this important So 
Present at the Council, held 
Roosevelt Hotel, New 
President A. Homer Manwaring, 
President 8S. G. Hibben and W. A. 
Past President 
Hutson Coleox proxy for 
President D. M. and J. M. 
Vice President R. F. 
Secretary M. N. 
Reid; Di 
Whitehead, 
proxy for F. C., 
for C. C, 


proxy for 


ciety event 


at the Orleans 
were 
Past 
Feuillan, Jr 
E. M 
Vies 


Guillory 


proxy for 
Strong ; 
Jones 
proxy for 
Hartenstein; General 
Waterman; Treasurer K. M 
rectors W. A. Stannard, J. F 
Jr., John F. Morton 
Winkler, R. C. Paslay 
Shotwell, Harold L 

J. 8. Sehuchert, Arthur A 
for G. W. Beals; 
dents M. J. Myers, Jr., 
George J. Taylor, Jacob M 
for ©. J 


proxy 
Salaun 

Levy 

Vier 


proxy 
Presi 

Park, 
Gensburger 
Lauck 


Harry T. 


Regional 


proxy Berry, Theodore C 
proxy for G. B. Buek I, 
Bailey, Jr for L. A. Hobbs; Ex 
Secretary A. D. Hinckley; Tech 
nieal Direetor C. L Editor Ruby 
Redford ; Promotion 
Manager ©. E. Ellis, and 8. C. Berdon, 
W. W. Booth, J. D. Mitchell, Jr., R. L 
O'Donovan, J. D Sargent, 
G. J. Segel, Whit 
more, G. E Wil 


proxy 
ecutive 
Crouch; 


Advertising and 


Poage, T. C 
Gordon Wells, C. W. 
Wilkinson and 8. B 
liams, 

Council's approval of the Executive 
Committee's recommendations as covered 
by the Minutes of their March 11 meet- 
ing resulted in the following action: 

Carter Lewis was appointed to Vice 
President Midwestern Region until Sep 
tember 30, 10954, left 
by the resignation of C. B. Pederson 
(IE March, p. 20A 


The matter of new 


filling the vacancy 


duties and respon 


sibilities proposed for Directors of 1.E.S8. 


was referred for study to the Advisory 


Board on Committee Personnel. 


Action to develop and maintain con 


tact with the Joint Council 


and other engineering societies regarding 


Engineers 


discussions on Unity of Engineering Pro 
feasion. 

a Society representa 
NEMA 
representative, text of the Manual under 


Appointment of 
tive to review, together with a 


way for the NEMA eertification program. 


MEMBERSHIP 
The General Board of Examiners ree 
ommended for approval by Couneil the 
election of 19 Members and the transfer 
to Member grade of three Associates. 
They further reported the election of 86 
Students. 


Following action on the report, member 


Associate Members and three 


ship totals are: 


September 30 
1953 


47905 


April 10, 
1954 

Total Membership 

42 Members Emeritus 
70 Fellows 
1870 Members 

5579 Associate Members 

244 Student Members 


*Includes 12 Fellows 


WarTexsury M.FE. 

of the Board of 
Examiners, Council unanimously elected 
John H 
more than 35 years’ service to the light 


Joun H. 


On recommendation 
Waterbury, recently retired after 


ing industry and to the Society, a Mem 
ber Emeritus of IL.E.8. 


Licnh?’s JUBILEE 
Activities of the Society’s Task Com 
mittee on the celebration of Light’s Dia 
outlined by 8. G. 
Mr. Hibben’s report 


mond Jubilee were 
Hibben, Chairman. 
indicated nationwide participation in this 
program, with numerous aids to local 
activity available from the Jubilee Com 


mittee, 420 Lexington Ave., New York. 


REGIONAL ACTIVITIES 

Recent activities of the ten regions of 
I.E.8. were reported to Council through 
a summary submitted by R. F. Harten- 
Marshall 
President 
Manwaring also called on Regional Vice 


stein, chairman, and read by 


Waterman, General Secretary. 


Presidents present to report in person on 
their Regions. Glenn Park, Southern Re 
gional Vice-President indicated a Chap- 
ter is forming in Little Rock, with two 





September 13-17, 1954 
September 12-16, 1955 


September 16-21, 1956 





1.E.S. National Technical Conferences 
Chalfonte-Haddon Hall, Atlantie City 
Statler Hotel, Cleveland 


Statler Hotel, Boston 
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other groups aiso active 1 his Region. 
With this growth in Chapters, he men- 
tioned the problem of the V-P visiting 
each group and giving individual service. 
His suggestion of an assistant V-P was 
referred to the Regional Activities Com 
mittee for study. 

Other matters reported by the V-P’s 
included the problem of certificates for 
Regional 
two years; education of local officers in 


COUrseS ; conferences for next 


Society procedure, ete. 


New CHAPTER 
Cc. J. Berry, East Central Regional 
V-P submitted (through A. D. Hinckley) 
a petition for a charter, from an active 
Va. 
Their petition indicated full qualification 


group of members in Richmond, 


for an I.E.8. Chapter and Council ap- 
proved a Charter to the new Chapter to 
This 


reactivates a Chapter established in Rich 


be known as the Virginia Chapter. 


mond a number of years ago. 


SUSTAINING MEMBERS 
A report submitted by C. C. Shotwell, 
Chairman, was approved, for the election 
of the following Sustaining Members: 


Canning, Pekara, Inc 
2144 N. Wood Street 
Chicago 14, Illinois 
Official Representative: Mr. Claude E. Canning 
Morlite Equipment Company 
P. O. Box 106 

Girard, Pa, 

Official Representative: Mr 


Finley J. Gordon 


This committee’s proposal for Research 
Fund 


t ussed. 


solicitation was also further dis 


MEDAL AWARD 
Meda) 
unanimously 


On recommendation of the 


Award Committee, Council 
approved Dr. E. F. Lowry as recipient of 
the I.E.S. Gold Medal. A 


account of Dr. Lowry’s award to this 


more detailed 


highest I.E.S. honor is elsewhere in Tele 
cast. 
TECHNICAL PROGRAM 
«. L. Crouch gave Council an interest 
ing summary of activities underway by 
the Society’s technical committees. Coun 
cil took action on the report “I.E.S. Gen- 


’ 


eral Guide on Photometry” just com 


pleted by the Committee on Testing Pro- 
cedures for Illumination Characteristics. 
This report was approved for publication. 

A number of matters not on the agenda 
were raised by local members attending 
Council. Among these were discussions 
on ways and means of financing contest 
Technical Con- 


winners to the National 


ference (referred for recommendation to 


the Regional Aetivities Committee) ; 


breakdown and simple demonstration of 
Society’s financing for member informa. 
Finance Committee’: 


tion( referred to 


location of Society headquarters; I.E.S. 
representation at British I.E.S8. meeting 


this summer. 
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the distance traveled. Georgia Section 
won this plaque for the third straight 
time, with 23 members on hand. In addi 
tion, although they did not count in the 
travel award, about 15 Georgia Section 


wives also attended the conference. 


ProGRAM HIGHLIGHTS 
The stature of the technical program 
bespoke advance planning. Six sessions 
were scheduled during the two days of 
the conference, including major addresses 
during luncheon meetings. A national 
conference touch at these meetings was 
felt in the full-scale Lighting Progress 
demonstration by T. C. Sargent at the 
noon session April 8, and the demon 
strated lecture April 9 by 8. G. Hibben 
on “Light’s Diamond Jubilee.” 

Opening session of the Southern Regional Conference: left to right, 8. L. Drumm, A talk of very particular significance 
Vice-President, New Orleans Public Service; 8. Conrad Berdon, General Confer- #8 part of the closing session on Thurs 
ence Chairman; A. H. Manwaring, I.E.8. President; Harry T. Bailey, Jr. Chair- ‘ay afternoon. This was the report by 
man, New Orleans Section; and James E. Fitzmaurice, Councilman representing (ilenn E. Park, Vice-President of the 
the mayor of New Orleans. Southern Region, on “A Look at the 
Southern Region’s Part in the Illuminat 
ing Enginering Society.” This Region 
s has, of course, taken a very active part 
Southern Regional Conference Leads Off in New Orleans i, developing and. disseminating the 
Society’s objectives in the south, and 
The first of the nine I.E.S. Regional The roster of 192 registered delegates through them in a healthy advancement 
conferences scheduled this Spring from was swelled by 15 out-of-the-region mem of the lighting industry in that area, 
coast to coast and in Canada, was held bers in town for the Council meeting Mr. Park’s discussion of the subject, with 
April 8 and 9 at the Hotel Roosevelt, which followed the conference, April 10. the Region’s own members, was a very 

New Orleans. In all respects it set quite This feature was a repeat of the success fitting part of the regional program. 
% pace Next year’s planners, in any ful experiment in Dallas last year, when Other major addresses of particular 
Region, could well look into the Southern Council traveled to a distant southern value to LES. members were a feature 
Region’s methods. city for the first time. Eighteen southern of the opening session. These were made 
Some of the results included member members attended the Council meeting, by S. L. Drumm, Vice-President of the 
representation from every Section and some as proxies for regular members New Orleans Publie Serviee Company, 
Chapter in the Region. A marked interest James Fitzmaurice, Councilman repre 
in what went on, by the local press. An TRAVEL AWARD senting the Mayor of New Orleans, and 

attendance of 192, smoothly handled. ({n attendance prize is awarded each A. H. Manwaring, I.E.S. President. 
Valuable education for all delegates. A year in the Southern Region, to the See The advance planning already noted 
very good time by all coneerned — includ tion or Chapter attending the Regional will be evident from a glance at the 
ing, quite likely, the hard-working com Conference in the greatest numbers, in technical program listed at the end of 
mittee members. per cent of their total membership and this report. Top speakers in their sub- 


George Wilkinson, Chairman of the Carolinas Section; President and Mrs. Manwaring receive a gift from the 
Gordon Wells, a delegate from that Section; and J. F. New Orleans Section, presented by Section Chairman H. T. 
Whitehead, I.E.S. Director. Bailey. 
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At the party given for Council by past V-P of the Southern 
Region R. C. Pasley are Mrs. Manwaring, Mrs. 8. G. Hib 
ben and President A. H. Manwaring 
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In photo at left are the contestants in the My Most Inter 


esting Lighting Job Contest: 1. te r. A. D. Wallace, who 
presented H. L. Rhodes’ Florida Chapter entry; L. N. Good 
New and first prize winner; J. W. 
Tennessee 8. J. Andre, Georgia 


Orleans Section 
Valley Section; 


man, 
Fowler, 
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Judges of the MMILJ Contest in consultation: left to 
right, C. M. Cutler, George Taylor, Marshall Waterman, 
M. J. Myers, and Ruby Redford. 


Six entries were 


Results 


in ballast and cir running second to none, 
packed hall for 


paper on this subject 


rest 
featured in the Southern contest. 


of the 


the 


contest, in the opinion of a panel 


leeture which of five judges, were as follows: 


onferences most valu 


Prize N 


New Orleans Section. 


First Louis Goodman, repre 


ilso on the program 


senting Lighting 
the Lobby 
New Orleans 


vy Henry L 
h practical lighting in 


Logan and 


and Waiting Concourse of 


Union Passenger Termi 


fundamentals 
James A 
Robert D 
Prac 


a.” Each paper of out 


Visual 
lectures by 
Wells, 
Relighting the First 
Asheville, N.C, 


ot and by Second Prize Gordon Carolinas 


Section suptist 


Lighting 
Church, 


lighting p titioners 
ghting practitioner Andre, 


relevision 


Georgia 
\ mw 


Prize Saviors J 


I hird 
Section. Lighting for 


Rooms 


J. CONTEST 


ing 
feature ~~ 
the 
“My 


faust 


to sav what 


Mention Fred 
Florida ¢ hapte rs 
Harry L 


ittraets Honornlle ty Astor, 


Relighting 
Rhode Ss, 


for Southeast 


Job” 


contest 


Ihe 


is of i Drug Store 


Lighting 


Section and third prize winner; F. E. Lott, who presented 
F. G. Astor's Florida Chapter entry; Gordon Wells, Caro 
linas Section and second prize winner. In photo at right, 
Glenn E. Park, Regional Vice-President, presents the award 
for first place to Louis N. Goodman. 
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Harold L. Salaun of the New Orleans 
Section and Harry Bailey, Chairman of 
that Section, who acted as proxies at 
the Council meeting which followed the 
Southern Regional Conference. 


Florida Chapter ; 


St. Petersburg 


Lighting of the New 
Federal and 


S. B. LeCornu and Joe 


Savings 
Loan Building 
Fowler, Tennessee Valley Section: Re 


lighting a Printing Plant. 


Mr. Goodman’s installation for the 
Terminal is, of 


Southern 


Union Passenger 


cours¢ 


now eligible to represent the 


Region at the finals of this 


Atlantic City 


contest im 
next September. 


Judges for the contest, all members 


from outside the Region, were: George J 
Regional V-P 


Les 


Northeastern 
Marshall Waterman 

retary); C. M 
Lakes 
(Southwestern 


Redford 


Taylor 
Greneral Sec 
Cutler Fellow of 
Region); M. J. 
Regional V-P 
Editor of IE 


1.E.S., 
M vers 
Ruby 


(rreat 


and 
SociAL PROGRAM 


hard 


eolorful as 


It’s not to be light-hearted 


city so New Orleans 


committee did mich 


New 


entertainment 


abet this, just the sam Orleans 


Section was host, for instance, to 


registrants at a cocktail party 


Thursday evening at the Court of 
Vieux Carre The Presi 
buffet supper-dance 


conference to the old 


Sisters in the 
dent's reception and 
moved the 
French Quarter 
restaurant La 

ible New 


at this affair in th 


nlso 
Friday evening, to the 
Louisiane The unmistak 
Orleans touch was at its best 
delectable food and 
the Dixieland music Part of the fun 
Manw irings 


was seeing the delight of the 


when the host Section presented then 
with three paintings of typical New Or 
helped make 
Parks, the 


Berdon, 


cans sccnes rhree mc. 8 


this party Glenn 


Region’s V-P; 8 


tres gal 
Conrad Con 


Harry 1 
New 


ference Chairman: and Bailey 


Jdr., Chairman of the Orleans See 


tion So did some excellent 


planning 
rorehand 


A special program for the entertain 


ment of ladies attending was under the 
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LIGHTING CALENDAR 


Society Events 


June 10, 1954—Meeting of the I 
cil, New York, N. ¥ 


June 17-19, 1954—Midwestern Regional Con 
ference, Jefferson Hotel, St. Louis, Mo 


September 13-17, 1954—lIlluminating Engi 


neering Society, National Technical Conference, 
Chalfonte-Haddon Hall, Atlantic City, N.J 


Industry Events 


May 17-20, 1954 Basic Materials Exposi 
tion, International Amphitheatre, Chicago, Ml 


Electrical 
Coro 


May 19-21, 
Association, In 


Calif 


1954 — Pacific 
Hotel Del 


Coast 
Coronado 


nado 


Edison Electric Institute 
Atlantic City, N. J 


June 1-3, 


22nd 


1954 


Annual Convention 


Association of 
Annual Conven 


National 
46th 


Jume 6-11, 1954 
Electrical Distributors 
tion, Atlantic City, N.J 


Week of 


Sixth National 


June 
Plastics 
Cleveland 


7, 1954, 
Industry, 
Ohio 


Society of the 
Exposition, 


June 20-24, 1954 The American Society of 
Mechanical Engineers, Semi-Annual Meeting, 
William Penn Hotel, Pittsburgh, Pa. 


June 21-25, 1954-— American Institute of 
Electrical Engineers, Summer General Meeting, 
Los Angeles, Calif 

July 13-15, 1954 Western Plant Mainte 
nance Show, Pan Pacific Auditorium, Los An 


Calif 


geles 


September 1-6, 1954 International Electro 
fiolden Meetings 
Philadelphia, Pa 


technical Commission Jubilee 


University of Pennsylvania 


September 8-10, 1954—The American Soci 
ety of Mechanical Engineers, Fall Meeting, 
Schroeder Hotel, Milwaukee, Wis 


Mrs 


Fortier 


Mabel H. Hebert and 
In addition to the 
and the bhuffet-danece, a 
cocktail 


Thursday 


direction of 
Mrs Edna P 
cocktail party 


stvle show and party was at 


afternoon, and a 
Freneh Quarter Fri 


This ineluded quaint patios, 


ranged on 
valking tour of the 
day morning 
intique shops and other points of interest 
in this unique city 


PROGRAM 


For the record, details of the program 


presented are given as follows 


Thursday, April 8, 1954 


SE SRTON Universit Roor 


Harry T. Bailey 


New Orleans Section 


MoORNIN® 


Chairman Chairman 


(pening Remarks S Conrad Berdon 


eral Chairmar Southern Regional 


TELECAST 


September 22-24, 1954—Canadian Electrical 
Manufacturers Association, General Brock 
Hotel, Niagara Falls, Ont., Canada 


September 27-30, 1954 
Annual Meeting 
Kansas City, Mo 


Institute of Traffi 
Hotel Muehlibact! 


Engineers 


September 29-October 2, 1954 Inter 
national Association of Electrical Leagues 
Bellevue Stratford Hotel, Philadelphia, Pa 


October 4-7, 1954 
Electrical Distributors 
tion, Mark Hopkins 
Calif 


National Association of 
Pacific Zone 
Hotel, San Francisco, 


Conven 


Institute of 
Meeting, 


October 11-15, 1954—American 
Electrical Engineers, Fall General 
Chicago, Il 


October 17-22, 1954—Society of Motion Pic 
ture and Television Engineers, Semi-annual 
Cenvention, Los Angeles Ambassador, Los 
Angeles, Calif 


%etober 18-22, 1954 2nd National Safety 
Jongress & Exposition of the National Safety 
Council, Chicago, Il 


October 24-27, 1954 Board of Governors 
National Association of Electrical 
Hershey Hotel, Hershev, Pa 


Distributors 


October 27-30, 1954 National Electrical 


New Orleans, La 


Annual ¢ Hotel 


fontractore 


nvention, Jun 
November 8-11, 1954 National Electrica) 
Manufacturers Association, Haddon Hall Hotel, 
Atiantic City, N. J 


Movember 15-17, 1954 fist National For 
eign Trade Waldorf-Astoria Hotei 
New York, N. ¥ 


Convention 


1954 American 
National Conference oun 


Meeting 


Stana 


November 15-17, 
auras Association th 
Standards and 6 Annual hHiote: 
noosevelt, New York NX. Y 

Movember 28-December 3, 1954 The 
american Society of Mechanical Engineers, 
Annual Meeting, Statler Hotel, New York, N. ¥ 


W eleome Introduction b _ - 
Vice President New Orleans Pul 
In James Fitzmaurice 


enting the Mayor of New Oh 


n, repre 


‘1. Homer Manw 
Engir 


ring Ire 
iminating Socret 

in Today's Home Design ind = =Lighting 
Practice Be Harmoniou Mis Mary } 


Lighting Specialist, Gen 


eering 


Kesidence 
Lamp Dept.. Nela Park 

Varied 

‘ M. Cutler tl 


(ieneral Electric Co 


Requirements of 


hting Progr 
Lighting Divi 


Ldeqet Svivania leet rom Ir 


AFTERNOON Saete l niversit Koo 
Park, Viee Pre 


1.ELS 


Gilenn | 
Souther Region 


fhaurman 


Continued on page 12A) 
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Supt. Frank D. Lawler, whose School 
Building Committee insisted on the 
most comfortable lighting, reports....... 
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.."We wanted the best lighting available 
so we installed Westinghouse CD Luminaires 


” 


“When we built the new Mary P. Hinsdale School, 
our School Building Committee insisted on the best 
and most comfortable lighting available. Westinghouse 
CD's have certainly lived up to those expectations,” 
reports Superintendent Frank D. Lawler, Town of 
Winchester, Winsted, Conn. 

The Westinghouse CD luminaire, with plastic 
shielding, provides a semi-indirect lighting system. 
Installed in continuous rows, as is shown in this class- 
room, the result is an almost glareless system of com- 
fortable lighting. The entire ceiling becomes a part of 
the lighting system; all lamps are completely shielded. 

What's more, the Westinghouse CD makes an 
attractive addition to the classroom. Its design sim- 


And to meet other requirements . . . 


Low FIRST cost Concentric Ring incandescent luminaires 
meet quality lighting requirements on limited funds. 
Metal rings shield silvered bow! lamps, eliminat- 
ing glare and shadows. 


plicity fits as a natural part of the background in 
modern interiors, 

The superintendent further reports, “Our teachers 
and the school board are very pleased with the new 
lighting system. Their enthusiasm and that of our 
parents will undoubtedly influence both future con- 
struction and any remodeling of present classrooms.” 


For other installation methods, get 
B-4556, “The ABC Plan for School 
Lighting”. Meantime—/ook for this seal 
on your electrical contractor's guaran- 
tee. He installs them—we back him up. 
Westinghouse Electric Corp., Box 
868, Pittsburgh 30, Pa. J-04340-A 


CC Luminaires mean economy in fluorescent lighting. 
Low in initial cost—low in maintained cost. CC with 
X° louver design meets A.S.A. school standards. 


you can 6E SURE...i¢ is 


Westinghouse 
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ree WoRrRKFI 


iis didn’t just happen, of 


course 


iny hard working people, from 


of the Sections and Chapters within 


the Region, planned and worked well in 
success of this confer 


work 


wivanee for the 


ones Directing the were 


(seneral Conference Chair 


nal Vice President 
Chairman, New Orleans 
Vasiay, and Arthur A 
M. tCiensburger 
"ape : ‘ro ' Walter T. Faber 
Mar 
A\ttendat 
Hot Ke ception——Harold |! 
Nalaut ‘ ' othacker and Ren 7 


jieorge J. Segel 


Segall 

Giodat, dr 

Kleinschmidt 
Mabel H 


Tranesportatior to M 
Entertainment Charles ¢ 
Entertainment Mre Hehert 


M Fdna PP Fortier 


ladies 


Outdoor Lighting Studied 
By 1.E.S. Group in Maine 


Three speakers discussed the latest 
lighting at a meet 


April I 


techniques in outdoor 
me in Portland, Ms 
sored by the LES r. 3 


co Spon 


Local Representative, and the Electrical 
Associates of Maine 


Hinds Co 


Giordon \ 
Kdward © 
Fleet ric 


(‘rouse Kasaman, 


W estinghous« Corp and H 


Nee! Melntvre, General Eleetrie Co., com 


prised panel which discussed outdoor 


lighting from a safety and protective 


ingle, for advertising purposes and flood 
i civie standpoint 


lighting from 
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Weatherbee, 


Miller, 


Home Lighting Workshop Again 
Offered by San Francisco College 


State 
Home 
partment will for the 
1 Home 


sexs1oOn course 


San Fr College has an 


neimseo 


nounced that its Economies De 


second time offer 
Lighting Workshop as an inter 
during the week of 


succe asful W ork 


June 


S through July The 
shop put on by the colllege last year was 
deseribed as the first course on this sub 


jeet ever ipproved for upper division 
event last vear was 
Northern 


Section of ILE.S. and the 


college eredit The 
offered in cooperation with the 
California 
Northern California Eleetrical Bureau 


This ve 


one unit of 


irs Workshop will again offer 


eredit, 


upper division college 


imel will bn in addition co sponsored ly 


the Better Light - Better Sight Bureau 


Three of the nation’s authorities on 


residential serve on the 
Miss 
Fleetric (‘o 
Buchholtz 


Bloomfield, 


lighting will 
faculty of the Workshop 
Mary Webber General 
Cleveland, Ohio: Mise Edith 


(orp., 


They are 


Kleetrix 
Miss Jan 


Producta, Ine 


Westinghouse 
i. a ind 
Fleet rie 


Revnolds, Svivania 
New York City 


Program of the ve day 


W orkshop is 


Ihiective of 

Mar Webber 

\nalysis of the 
Mary Webber 

Requirements for Home ‘ | Activities 
Mary Webber 


etivities 


TUEBSDAY, JUNE 2O 


Light julbs and Tubes for Home l ses 
Edith Buchholtz 

Light and Color in the Home Jan Reynolds 

tse of Portable Mary 
Webber , 


Lighting Equipment 


WEDNESDAY, JUNE 30 


Solution of Specifi Visual Problems 
Webber and Jan Reynolds 

Surface mounted Fixtures for Both Local and 

Buchholtz 


Lighting 


Gieneral Lighting bditt 


Modernizing Existing Home Edith 


Buchholtz 


Tuursapay, Juty 1 


Lighting Solutions for Kitchen Laundry 
Jan Reynolds 

Architectural or 
Buchholtz 


Architectural I 


Built-ir Edith 


Fixtures 
Special ighting Effects Jan 
Reynolds 
Example Cases of Planned Interiors Mary 
Webber 
Hright Future 


luced bw the 


(olor motion 


Cieneral Fleetri« 


picture pro 


FRipay, JULY 


Edith Buchholtz 
mofion 
Electric Corp 


Lighting 
Kings 
produced by Westinghouse 


h.xterior 


Ketter than Color picture 


Available for Teaching 
Edward A 
Better 


Ibixcussion of Materials 
shout Light and Sight 
Ketter Light 


Camp 

bell Manager Sight 
HKureau 

Summary and (Closing I Gertrude Luehn 


ing 


An unusual feature of the course, for 


homemaking teachers and home econo 


Lighting News of Current Interest 


mists, is the fact that it will be prese nted 
national conven 


Franc isco 


direetly preceding the 


tion of the American Economics 


(\ssociation, also in San July 
06-0 Teachers planning to travel to the 
city for the \.H.E.A 


therefore, attend the Workshop and ob 


convention can, 


tain a credit toward their master’s de 


gree by extending their stay for the extra 
veek 

The leetures, demonstrations and dis 
cussions comprising this year’s Workshop 
will be presented in the auditorium of the 
Pacifie Gas and Eleetric Co. in San Fran 


cisco 


Airport Lighting Subject 
Of Three-Day Conference 


\ national conference on airport light 
ing was held April 27-29 at the Astor 
Hotel in Milwaukee. The conference was 
LES 


Aircraft Commit 


ponsored by the Committee on 
Aviation Lighting; the 
Marking 


General 


tee, Lighting and Panel; and 
the N.E.M.A 
mittee, 
\irline 


Transport 


Engineering Com 


Aviation Ground Lighting. Tl» 
Association and the Air 


im the 


Pilots 
Association participated 
sCsS1OnS 

Presiding at the were D. «. 
Miller, L.ELS 


tee Chairman; G. M. 


meetings 
Aviation Lighting Commit 
Kevern, 
nd Marking Panel Committee Chairman ; 
und W. F. Davies, N.E.M.A,. Committes 
Chairman, R. E Line Ma 
terial Co. and L. ©, Hevi-Duty 
Eleetrie Co 


Lighting 


Madigan of 
Lattin of 
handled the meeting arrangs 
their who were 


ments for companies, 


conTterence 


hosts for the 


M.M.1.L.}. Contest 
Goes 3-D in Chicago 


The Chicago Section of 1.E.S8. featured 
1 new angle to their contest for My Most 
Interesting Lighting Job this vear. Three 
dimensional taken of 
the 17 
petition, to give that extra something to 


photographs were 


installations entered in the com 


the presentation. The audience, of course, 


was provided with 3-D glasses. The photo 
graphs were jaken by Arthur Rosenstein, 


Chieago Section member 


Another new idea which the Section 


featured was an “outjudge the judges” 


contest for the audience, who marked 
tally cards with their own seoring of the 
entries. The member with the final tally 
ecard closest to the judges’ decision won a 


ten-dollar prize. The winner of this audi 


Continued on page 15A) 
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Carey's luggage Store, Elmira, 
N. Y. Alba-lite panels assure 
evenly diffused, shadow-free and 
glare-free illumination through 
out. PYREX brand Lenslites focus 
light on merchandise to enhance 
buyer interest. 


Alba-Lite is available in 3 flat 
patterns (as shown) in sizes up 
to 24” x 100”, in standard bent 
shapes or bent to order. Ask for 
Bulletin LS-43. 


How lighting helps lure travelers to this luggage store 


Every retailer has the problem of 
attracting more customers in order 
to sell more merchandise 

Here’s an example of how Cor- 
lighting helped 
for Carey's 


ning engineered 
solve that problem 
Luggage Store, Elmira, N. Y. 
Carey's lighting that 
would be decorative as well as 
efficient. That's why Alba-Lite was 
selected. And you can see how 
well Alba-Lite fills the assignment. 
Smithcraft Area Illumination, 
utilizing large panels of Alba-Lite, 
provides 100 f.c. of evenly dif- 
fused, glare-free and shadow-free 
light. Merchandise is presented to 


needed 


CORNING GLASS WORKS 


CORNING, NEW YORK 


Corning meant research iA Glasd 


customers in its rich, sales appeal- 
ing best. That's because Alba-Lite 
transmits the true color of the 
light source. Fixture efficiency is 
high—yet panel brightness is low. 
And the lighting and decorative 
advantages Carey's is enjoying to- 
day will never diminish. Alba-Lite 
won't fade or discolor or warp 
with age or atmosphere. Its smooth 
surface is easy to clean. It keeps 
its new look. 
Use Lenslites for Emphasis 
Pyrex brand Lenslites with 150- 
watt lamps and mounted in Lite- 
craft fixtures focus attention on 
gift and decorative items. The illu- 


 csliesieeesinatinetianteetensteestenstentantantententententeatiendantantastetetentemmentantael 


LS-43. 
Nome 
Firm 


Address 


City... 


CORNING GLASS WORKS, Dept. IE-5, Corning, N. Y. 


Pleose send me a copy of the new Architects and Engineers Hondbook 


mination level on counters beneath 
the downlights is 200 f.c. and on 
the display shelves it is 100 f.c. 
Two center Rambush ceiling 
downlights draw buyers to items in 
the showcase below boost 
profitable impulse sales. 

You can achieve equally effec 
tive results with Corning engi 
neered lighting for schools, hosp 
tals, offices .. . in just about every 
lighting project that comes your 
way. For additional information, 
write for the new Architects and 
Engineers Handbook. It’s filled 
with helpful and useful informa- 
tion. Send the coupon today. 


Zone State 


Se ee re re ee cere eee ee ee ee 


beenareranenarananananasaranasanasenaanasanenanananavand 
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Here’s the Modern Way to Light a Factory 
--- Using Wakefield Industrial Pacemakers 


Note the abundance of light. Note how uniformly it is distributed. 
Note especially the lighted ceiling area. Only a luminaire like the 
Wakefield Pacemaker will give these results, for the Pacemaker 
transmits 25% of the light up to the ceiling to be reflected in an 


over-all distribution pattern all over the room, 


Now note again the lighted ceiling area. Not only is this the 
very key to modern plant lighting, but it has the added ad- 
vantage of facilitating maintenance in the upper area. Listen 
to what one midwestern plant superintendent says: “In parts 
of our plant where we use reflectors which do not allow any 


light to go upward, the underside of the roof and the structure 





beneath is black and it is impossible to see piping or other 
structural parts for inspection or maintenance.” Those black 
The Industrial Pacemaker Boek mn YET overhead caverns in plants are out-moded, inefficient and, 
ll major reflect . elain @ eled. Note that . 
Gt REGU CEPEUING CINFEND PETERS CREERENE, Sule oe thanks to the Pacemaker, unnecessary. For a folder on the In- 
the removable side panels unhook and hinge downward for : : = : : : 

easy, safe maintenance. ETL approved, brick type bal- dustrial Pacemaker, write to The F. W. Wakefield Brass 
lasts deliver full rated lamp watts. For pre-heat, Rapid Company, Vermilion, Ohio. In Canada, Wakefield Lighting 


Start or Slimline lamps. Limited, London. Ontario. 


Claekefilel Over-ALL Lighting 
SS EF SS So = WY 


WaktP@id GlOmeTencs te Cavauee Tre PACEMARED Th COmmO008t pe Se THE WAKEFIELD CBLING 
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(Continued from page 12A) 


Gill, 


electrical con 


ence participation award was W. T. 
of Martin and A. Moffet, 
tractors. 

Winners of the contest itself were: 
Kempf, consult 
ing engineer, for Ryerson Steel Ware 


First prize—Vernon T. 
house installation. 
Second prize—Sobel & Stein, architects, 
for the Komiss Store. 

Third prize—C. N. Carlson, of Public 
Service Co., for the Wilmette, Ill., Pub 
lie Service Store. 


Judges for the competition were Pro 
fessor John O. Kraehenbuehl, University 
of Illinois; Albert Schlachtmeyer, Per 
kins & Wills, architects; and Carl Zersen, 
Director of the Chicago Lighting Insti 


tute. 


Cleveland Section Sponsors 
Inspection Tour Series 


Members of the Cleveland Section, 
LE.S., were given an opportunity to get 
an inside look at several other different 
businesses recently, when the Education 
Committee under the chairmanship of 


te a 
tion tours. 


Wood, arranged a series of inspec 


On April 8, the subject was paint, with 
a tour of the Sherwin-Williams Paint Co., 
supplemented by a talk on paints. The 
following week, on April 16, the Aker 
man Molded 
Graphic arts were looked into April 22, 


Plastic Co. was visited. 
when the group inspected the Art Gravure 
Corp. of Ohio and the Cleveland News, 
The 
final tour, April 30, was a “behind-the 
scenes’ visit to WNBK Television studios. 


one of Cleveland’s fine newspapers. 


A nominal service charge of one dollar 
covered all four trips. 


ISCC Annual Meeting 
Held in New York City 


The 23rd Annual Meeting of the Inter 
Society Color Council was held March 24 
at the Hotel Statler in New York City, 


with an attendance of 136. The sessions 


included the annual business meeting and 


reports by the following problem com 


mittees: 


Color Names 

Survey of Color Specification 

Color Aptitude Test 

Color Blindness 

Studies of Illuminating and Viewing Condi- 
tions in the Colorimetry of Reflecting Mate- 
rials 

Study of Transparent Standards Using Single- 
Number Specifications 

Definition of Color Terms 

Standard Methods for Mounting Textile San 
ples for Colorimetric Measurements 

Color in the Building Industry 

Colorimetry of Fluorescent Materials 

Study of Near-White Surfaces 
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Phes 


dividual members of the Council and rep 


compose d of im 


committees are 


resentatives from its nineteen member 


organizations, including the I.E.S. 

The banquet was highlighted by a lee 
color television 
Kell, head of the 


RCA Laboratories 


ture-demonstration of 
presented by Ray D. 
Television Section of 
in Prineeton, N. J. 


Further information on the Couneil 


and its activities may be obtained by 
writing to the Secretary, Ralph M. Evans, 
Eastman Kodak Co., Kodak Park Works, 


Rochester 4, me 


E.E.1. Sponsors Portable Lamp 
Selling Program 


The formation of a new practical port 
able lamp selling program has been an 
nounced by J. Reed Hartman, chairman 


of Edison Electric Institute Commercial 


Division, and vice-president of Cincin 
nati Gas and Electrie Co. 


The 


“Beauty-plus 


called the 
Program.” As the 


new activity will be 
Lamp 
name indicates, the portable lamps of 
fered will provide decorator styling plus 


diffused 
Another plus of these lamps is 


adequate, lighting for seeing 
tasks. 
approved electrical construction; Under 
approval will be 


writers’ Laboratories 


indicated on all lamps. 
An outline of the plans for the lamp 
selling promotion was presented to the 
service 
Sales 


First showing of the new lamps 


representatives of electric com 


panies attending the E.E.I. Con 
ference. 
will be at the Summer lamp shows. 


Lamps included in the program must 


meet specifications set up by the “Beauty 
plus” Lamp Council, the organization cre 
ated to correlate the program. The lamps 
must provide good lighting, as outlined 
by their specifications, meet Underwriters’ 
electrically and 


Laboratories standards 


meet the shade and size dimensions set 
up by the Council. 
lamps to 


Specifications call for such 


include Certified Lamps, reflector-bowl 
types and R-40 type white indirect lamps, 
It is estimated that these specifications 
will admit most of the lamps already 
using these lamp heads, according to one 
lamp manufacturer. 

Lamps meeting the specifications will 
be tagged. A 
is that it 
size bulb to assure customer satisfaction. 
tag 
indicates that it meets the specifications 


set up by the E.E.T, 


unique feature of these 


tags will indicate the proper 


A lamp wearing the “Beauty-plus’ 


Lamp Council. 


Engineering Educators 
To Meet at U. of Illinois 
Over 


expected at the 


American Society 


1500 engineering educators are 


annual meeting of the 
for Engineering Edu 
cation on June 14-18 at the University of 
I}linois, Urbana, Ill. The meetings will 


include conferences sponsored by the 
Engineering College Administrative Coun 
cil and the Engineering College Research 
Council, which are two component or 
A.S.E.E. 

The theme of the conference this year, 
“Evaluation of Engineering Education,” 


will feature 


ganizations of the 


a thorough analysis of all 
phases of engineering education, conclud 


Continued on page 16A) 


SOME of the 136 persons attending the 23rd Annual Meeting of the Inter-Society 
Color Council. 
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»A Two I.E.S. Chapters headquarters office and its functions were 

ng a twoyear study on th ' Hold Birthday Party Meetings given. 
undertaken b the A.S.ELE At the April 6 meeting of the Missis 
Glenn E. Park, Viee-President of the sippi Chapter, at the Walthall Hotel in 
Southern Region, [L.E.S., and A. D Jackson, Miss., Mr. Park and Mr. Hinek 


Hinekley, the Society's Executive Seere ley were again guest speakers. By a 


\ Golden Anniversary dinner will lx 
ior of the OO vears 

engineering experiment 

~ tary, were the guest speakers at two coincidence, this meeting was likewise an 
niversity of Iilinois and 


meetings held in the Southern Region — ve , .. 
College. Speaker at the din etings he ) z imniversary, since the Mississippi Chap 


lr. Lee DuBridge, President The Alabama Chapter was celebrating ter dates from April 6, exactly four years 


ilifornia Institute of Technology ts first birthday on April 5, having re Ago 
ceived its Charter on the same day in 
1953 The anniversary meeting was 
Annual Spring Program held at the Thomas Jefferson Hotel in Advanced Lighting Conferences 
Presented by C.L.I. Birmingham, Ala, Mr. Park spoke on Continue Pittsburgh Program 
the friendly relations and cooperation 

The Lighting Fundamentals Course, needed within the Chapter to realize the \ series of advanced lighting confer 
with lectures by Raymond Wozniak and ambitions of both the Chapter Chairmen ences have been sponsored by the Pitts 
laboratory sessions with James Burke, is and their Regional Vice-President in their burgh Section of I.E.S8. in cooperation 
being presented again this year by the achievements for themselves and for the with the Electric League of Western 
Chicago Lighting Institute. The 1%-hour goejety. He also stressed the value of Pennsylvania. The program was under 
lecture series take place weekly from the contests for “My Most Interesting the direction of the Section’s Education 
April to June 21. The 2-hour labora Lighting Job,” urging all LES. members Committee, H. 8S. Orton, Chairman; and 
tory classes are being held every other to do at least one oustanding installation was held at the Westinghouse Electric 


Thursday from April 8 to June 17 in the next year Conference Room, Union Bank Building 


| 
iso an annual event is the course in Mr. Hinekley spoke on the national or 


Wiring Design Number 1 with Frank R ganization of the Society and how it 


in Pittsburgh. Topies and speakers at the 
two hour conferences were: 
MeShane as Instructor, with classes every works, using examples from the Couneil April 12 Fronds tm Indastsiel Lichtins 
Tuesday from April 6 to June 22. Wiring igenda to illustrate the Society’s pro Lucian T. Kight, Duquesne Light Co 

: . 1 Industrial Lighting Panel Discussion, H. 8 
Design Cours \ will be offered during gram, the kind of decisions which must Orton. Moderator, West Penn Power Co 
the fall quartes be arrived at by Council (through mem and panelists A. A. Paulus, Westinghouse 
. Electric Co., ¢ RK. Crysler, General Elec 
Sessions for both courses are held at bership representation by its eleeted off trie Co.. and Don Thomas, Sylvania FElectri 
the Institute and tuition is #25 ers In each case the relations of the Preducts Ine 


April 19 Calculation and Design of Luminous 
Ceilings George Clark, Sylvania Electric 
Products, In 
Acoustical Design and Calculation as Ap 
plied to Luminous Ceilings a representa 


Where To Get Light's Diamond Jubilee Materials tive from .Owens-Corning Co 


April 26 Architectural Flood Lighting a 
representative from Illuminating Laboratory, 
General Electric Co 


Materials for participating in Light's Diamond Jubilee may be obtained from: 


Light's Diamond Jubilee Committee 
2650 Graybar Bldg 


650 Lezingten Ave Architectural-Construction Center 


New York 17, N \ . . . 
: To Be Erected in Miami 


ITEM PRICES 


Plan Book You will receive one copy free Plans for a comprehensive architec 
na oo “ re ‘ ‘ j . P - 
Additional copies are #1.25 each tural, engineering and construction indus 
‘ oni co ‘ ure ~? enen. 
tries center, to be erected in Miami next 
Faet Book #1.00 each for 1-24 copies 


} each for 


vear, have been announced by Clinton T. 
Wetzel, President of the Architect's 
Samples Bureau now located at 5040 Bis 
Jubilee Medallions #3.50 each for 1-24 medallions eayne Boulevard, Miami. It will be known 


(3-ineh bronze ) 2.75 each for 25 or more medallions as Du Pont Plaza Architectural and Con 


250-0 copies 


1) each for 100 or more copies 


Letterhead Stickers Emblem face and reverse together; gummed back. struction Industries Center. 
(Type A, 2” x 1”) $2.75 per thousand stickers. The project, inspired by the success of 
Letterhead Stickers Combined emblem, gummed back. the present Bureau, will form a nerve 
(Type B, 1” diam £2.50 per thousand stickers, center serving the arts and sciences of 
Window Stickers Emblem face and reverse together: gummed face. the building and construction industries 


(Type A, 6” x 3”) 26.00 per thousand in Greater Miami and South Florida. 
Window Stickers Combined emblem, gummed face. Located in the heart of the downtown 

, R. a” 4 $3.00 per thousand business district, the center will have 

(Type B, diam : “ ousane : 
; 75,000 square feet of floor area devoted 
‘mn b> > $1.00 for four prints or fraction . 
Emblem Photos l 0 ur prints « uctio to permanent graphic displays of prod 


Emblem Proofs You will receive 6 free reproduction proofs with order. ucts of the building materials industries. 
Additional proofs are #1.00 for 12 or fraction. An architectural library is planned, with 
Postmark Ad Plate $15.00 each for 1-4 plates. adjacent club and conference rooms in 
for Pitney Bowes $13.50 each for 5 or more plates, same model conjunction with the South Florida Chap 


Model Re sure to aive model number. ter of A.I.A., whose headquarters will be 


Order Dlanks available for convenience in ordering (Continued on page 18A) 
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MOBILE is a flexible 
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MOBILEX® 
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Moulded Plastic 
Ribbed Skytex 


metal 
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You can solve more problems with MOBILEX 
... less expensively... than with any 
other recessed lighting fixture 


How many times in your experience 
have you wanted to use the good design 
advantages of recessed lighting—only to 
see your plans go by the boards because 
over-all ceiling costs get out of line? 
You have an answer to that bottleneck 
now. MOBILEX. It fits more types of 
ceilings—without the need of expensive 
custom made adapters—than any other 
recessed lighting fixture on the market 
That means MOBILEX gives you a 
broader range of price, ceiling and re- 
cessed lighting combinations than you've 
ever had to work with before. 


WRITE 


MOBILEX reduces installation time up 
to 50% when used with certain types of 
ceilings. That means important savings 
when you're working with a limited 
budget 


Because we know you are always inter- 
ested in new products that really help 
you do a better job, we think you'll want 
to see and hear more about MOBILEX 
We'll be happy to arrange a MOBILEX 
demonstration any time you say. We 
promise you this: you'll find it well 
worth-while 


FOR BULLETINS OD-S67 AND OD-606 


DAY-B 


4 


ITE 


/ 


lst ss 


Day-Brite Lighting, Inc., 5432 Bulwer 


Ave., St. Louis 
Amalgamated Electric 
Toronto 6, Ontario 


Corp., 


7, Missouri. In Canada 


Led 


CALL OR WRITE YOUR NEAREST DAY-BRITE REPRESENTATIVE 





A 


housed in the center. An auditorium, tele 
recreational 


will be a hotel 


vision studios and 


also in the plans. Near-by 
and office 
The entire 


#5001 


building 


project will cost an initial 


1,000 and will represent an invest 


ment of over $10,000,000 when com 


ple ted 


Poor Preparation Blamed for 
Inadequate Engineering Education 


The declining amount and quality of 
preparation for an engineering education 


offered by the nation’s public high 


achools is perhaps the most important 


problem facing the profes 
sion today, 


Product Engineering, McGraw-Hill publi 


engineering 
according to an editorial in 


cation 
The 
indicated by the 


extent of this decline is clearly 


“ 7 ” 
refresher courses” in 


achool mathematies that are re 


high 
quired of freshman students by some of 
The 
cannot start his college level mathematics 
third 


the technical universities student 


until his second or semester, the 


editorial points out 


A recent report, issued by two engi 
neering societies, emphasized that 28 per 
cent of the engineering graduates stated 
that they did not 
training had 


for an engineering career. 


feel that their college 


prepared them adequately 
Also included 
criticism that 
teach 


and the 


was the often heard engi 


neering colleges do not enough 


literature, writing humanities. 
Poor preparation at the high-school le vel, 
the editorial suggests, is the greatest 
single cause for the limited seope of engi 
neering college curricula 

Only state legislatures can rectify this 


situation, and only the pressure of publie 


area are 


opinion will bring about the needed 
changes in the high schools, the editorial 
points out. 

The societies for engineering education, 
although fully cognizant of the situation 
and doing practically all that they can, 
are not capable of handling such a situa 
tion, and the high schools themselves are 
equally unable to get the needed results. 
The “old line” national engineering soci 
eties steer away from publie questions of 
Although 


tried to in 


a non-technical nature, some 


some of these have 
elude the fostering of engineering educa 


tion as one of their objectives, they feel 


groups 


that publie schools and related problems 
are linked 


editorial says 


with politics, the 


too closely 


The one exce ption to this general atti 


tude seems to be the National Society of 


Professional Engineers; apparently this 


organization is much more active in mat 


ters affecting engineering education, 


training and careers. It remains to be 


seen whether the older societies will re 
linquish to the NSPE the leadership that 
will bring about better engineering educa 
tion and training and that will bring to 
recognition and 


the profession greater 


esteem, 


Food Store Lighting Campaign 
Underway in New York City 


In a drive to promote improved food 


lighting, a Planned Lighting for 


Stores 


store 
Food 
New 
by Consolidated 


campaign was started in 


York City and Westchester County 
Edison's Sales Depart 
first month, 


ment In the campaign’s 


February, more than 700 requests for 
lighting studies were received on how to 


The 


Division 


improve store and display lighting. 


studies, made by the Lighting 


FOUR of the members of the New York Section, I.E.8. who were in on the plan- 
ning of the Section’s recent School Lighting Clinic, are: 1. to r., Section Chairman 
E. M. Fahey, H. E. D’Andrade, Harold Peters and Lou Goren. 
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of the Sales Engineering Bureau, are 


specially tailored for each individual 


store owner—including number, type and 
wattage of lamps recommended, spacing, 
estimated 
Dia- 


avail 


control, and the 
level that 
different 
able and how they can be used to achieve 


suspension, 


illumination will result. 


grams show luminaires 


maximum effect for overall store illumi 
nation or for highlighting display coun 
ters, merchandise shelves and racks. 


School Lighting Conference 
Held at Nela Park 


A three-day conference for school ex 
ecutives and architects was sponsored by 
General Electrie’s Lamp Division, April 
26-28, at the Lighting Institute at Nela 
Park. 


sessions were: 


Subjects discussed in the three 


MonpDaAy, APRIL 26 
Seeing in the Schoolroom — A Resume of 30 
Years of the Lighting Research Laboratory 
Lighting Terms and Fundamentals 
Demonstration and Discussion of 
Lighting Techniques 
Lamps Commonly Used in Schools 


Classroom 


o7 


TUESDAY, APRIL 27 
Comfortable Lighting Quality Light Control. 
The Importance of Maintenance, 

Lighting the Way to Learning. 
The Need for Proper Wiring. 
Lighting for Study at Home 
School Shop Lighting Requirements. 
Facilities for Visual Education. 
Library Lighting 

Wepwespay, APRIL 28 
Lighting for Displays and Exhibits. 
Germicidal Lamps and Their Applications 
Auditorium and Stage Lighting. 
Lighting for Offices and Drafting Rooms. 
Gymnasium, Outdoor Sports and Grounds 

Lighting 


Plastics Conference to Run 
Concurrent with Exposition 


Leading manufacturers who use plas 
ties in their products will explain how 
and why at the Technical Conference that 
will be held concurrently with the 1954 
National Plastics Exposition, sponsored 
by the Society of the Plastics Industry, 
Ine., June 7-10, 1954 at Cleveland’s Pub 
lie Auditorium. 

All phases of plastics manufacture will 
be represented in exhibits planned 
molding; lamination; extrusion; fabrica 
tion; reinforced plastics products; film, 
mate- 
equipment; and 
Exhibitors 


sheeting and coated fabrics; raw 


rials; machinery and 
testing and research methods. 
will display and discuss the most recent 
technical advances in plasties industry. 
The 
sponsored by the Society of the Plastics 
Ine., New York, and 
technical society representing the plastics 
United States, 


20 other countries 


national Plasties Exposition is 


Industry, a trade 


industry throughout the 


Canada and 


Continued on page 21A) 
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PLEXIGLAS 


the outdoor plastic - 
for 
Trouble-Free Lighting 





mS a. EC CEM ins lull OT aed’ 


Formed pan diffusers of PLEXIGLAS provide large-crec 
luminosity and fixture-free appearance in ROOM LIGHTING. 


A plastic that can be used outdoors is your 
best assurance of trouble-free service in 
interior installations. 


PLEXIGLAS acrylic plastic is noted for its 
dimensional stability, freedom from discolora- 
tion and resistance to breakage, regardless of 
the point of use. That is why it is the pre- 
ferred material for diffusers, covers, and shields 
on lighting fixtures. 


For outstanding durability, and maximum 
efficiency in the transmission and diffusion of 
light, specify PLexictas. We will be glad to 
supply details on the usefulness of this multi- 





purpose lighting material. 


injection-molded PLEXIGLAS covers protect 
lamps in this new type of STREET LIGHTING. 


ge 4 
, a CHEMICALS FOR INDUSTRY 


— 
iz 


& Piexicias is @ trade-mark, Reg. US. Pat. Off. and in other principal 






ROHM & HAAS 


COMPANY 
WASHINGTON SQUARE, PHILADELPHIA 5, PA. 


Representatives in principal foreign countries 






~ 


~ countries in the Western Hemisphere 


Canadian distributor: Crystal Glass & Plastics, Lid., 130 Queen's Quay 


PLEXIGLAS shields protect the light source in this unique at Jarvie Street, Toronto, Ontario, Canada 
SIDEWALK LIGHTING installation. 


YOU EXPECT THE BEST VALUE FROM G-E FLUORESCENT LAMPS 


HE film of water that condenses on a fluorescent lamp 


in wet weather is so thin the lamp hardly feels damp. 
Invisible coating Still, it can connect the ends of the lamp and set up a mini- 
ature short circuit. It doesn’t injure the lamp. Just steals 

enough current so the lamp is slow in lighting. 
helps new G-E There’s one fluorescent lamp, though, that doesn’t get slug- 
gish in moist air: the General Electric Rapid Start Lamp. 
° It has an invisible coating of General Electric silicone, 
Rapid Start Lamps called Dri-Film*. The photo shows what it does to water on 
the lamp. Makes it stand up in separate drops. In between 
° are dry areas that break the electrical contact. The short 

light faster circuit doesn’t get started. The lamp does. 

G-E Dri-Film* doesn’t rub off. It’s an example of why you 
expect the best value from G-E fluorescent lamps. For free 
booklet, “Facts About Rapid Start”, write to General Electric, 
Dept. 166-TE-5, Nela Park, Cleveland 12, Ohio. 


You can put your confidence in— 


GENERAL @@ ELECTRIC 


ILLUMINATING ENGINEERING 





Oregon State Student Branch 
Discusses Classroom Lighting 


College Student 


that its 


The Oregon State 
Branch of LES. feels 
meeting on classroom 
of the best of the vear. A 


recent 
lighting was on 
mode! class 
room was brought to the campus by the 
Portland General Eleetrie Co., and class 
room lighting was discussed and demon 
strated by J. T 
that 


followed by a talk on home study 


Cottingham and D. A. 


Maulding of company. This was 
light 
ing by Mrs. Grace Schoeni, also of Port 
land General Electric. 


jointly 


meeting, which was 
with the 


Institute of 


sponsored 
branch of the 
Electrical 


neers, was considered of interest to others 


student 
American Engi 
than engineering students; and an invi 


tation was extended to the public, 


number of whom attended. 





IT SEEMS TO ME 








Lighting a TV Antenna Tower 


This comment refers to the article by 
EK. J. Whitlow, “Lighting a TV 


Tower,” 


Antenn 
which appeared in the December 
1953 issue of I.E. 

Why not 


tower structure members whit« 


paint the inside of ali the 


to prov ice 


a good reflecting surface and mount 


lighting units at proper levels within the 


limits of the tower strueturs This meth 


ol would provide just as much tower 


surface in the line of vision less the 


interference of forward members) and 
light the 


efficient ly 


you would have a chance to 


observable structure more 


more certainly, and easier and cheaper 
someone try out this 


Vember Emeritus, 
Vuys 


| would like to see 
idea. Wa. P 
L.ES., 8344 
Calif. 


BEAR, 


Lullaby Lane, Van 


Prefabricated Coffer Ceilings 


Referring to the article, “Prefabricated 
Coffer 
lamp which made large area lighting ar 
With 


always proved 


Ceilings,” it was the fluorescent 


economical proposition ineandes 
cent lamps, such a scheme 
to be very costly to run. 

With fluorescent lamps availalbje three 
distinet designs have developed: the lumi 
nous ceiling, the louverall ceiling and the 


indirect coffer type. Every one of these 


designs is being favored more or less by 
architects, lighting engineers and others 
and even a certain trend of what could 
be ealled a 


cerned. If for a 


national taste ean be dis 


moment generalization 
he permitted it seems that for instance 


the U.S.A. is giving some preference to 


MAY 1954 


luminous ceilings and recently to the in 


direet version the coffer ceiling. Aus 


tralia to a large degree rejects the lumi 


plastic egg 
hand the 


nous ceiling and prefers the 


erate louvering. On the other 


merits of the prefabricated indirect light 
ing of the coffer being 


type are recog 


nized in Australia and the idea advanced 


Therefore the article “Prefabricated 


Coffer Ceilings” by Laurence 8. Harrison 


being met with interest in Australia and 


published in December 1953) is 


shown are well 


they 


the two installations 


known and sines were 


first 


appreciated 


published But when 


previously 


studving the mentioned article a few 


points need clarification 


In the introduction the author savs 


that plaster coffers “designed and applied 


properly have their virtue in high output 


with low relative brightness.” Lighting 


engineers, queer as they sometimes are, 


will probably prefer this thought ex 


pressed more correctly as “high luminous 


with a relatively low bright 
that 
relatively low 


kind of direct 


efficiency 


ness” and it is assumed this low 


brightness is meant to le 


as compared with 


Sains 
lighting systen 
claims in the next 


coffer ceil 


The author further 


sentences having praised the 
efficiency and relatively low 


that 


ng’s high 
rightness “this is due to the 


presentation of a greatly increased aren 


of reflecting surface from inside the cof 
fer through its 
more effective 
than the 


mitted through either flat glass or plastic 


opening resulting in 


horizontal distribution 


distribution with light trans 


sheets.” 
statement 
coffer 


with a 


This is a rather 


The efficiency of a 


sweeping 
well designed 


ceiling may be high compared 
indireet 


kind of 


Efficiency of course is not 


designed 
other 


badly lighting system 


but every lighting will be 
more efficient 
everything and architectural effect as the 
two illustrations of the Harrison installa 
much more 


tions show may be important 


made certain state 


efficiency let us look at th 


But as the author 
ments about 
efficiency (called “output”) a bit closer 
The efficiency of a single coffer is not 
simply a function of the size of its re 


fleeting surface but rather of its shape, 


reflectance and apparent size or horizon 


tal projection \ certain percentage of 


reaches 


after a 


the luminous flux of the lamps 


the reflecting dome surface and 
diffused reflection a smaller percentage of 


the luminous flux leaves the open square 


base of the dome, its 
The differences be 


tween incident flux and reflected flux (the 


which forms the 


horizontal projection 
loss through reflection) is a function of 
the reflectance of the 
shape The 


vith a 


dome and of its 
correct shape will be the one 
reflections 


minimum of multiple 
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against an optimum of single reflections. 


\ mathematician only can determine the 
eurvature for such 


then of 


theoretically correct 


maximum efficiency and course 


the question would arise whether such a 


dome can easily be mass-produced, But 
as mentioned before the efficiency is not 
ill important and there is hardly a need 


for a mathematical investigation into 


this matter as the good installations de 
me ribed by Mr Harrison show 

It is not clear why a coffer should give 
effective 


luminous ceiling 


a more horizontal distribution 


than a whatever “effec 


tive horizontal distribution” may mean, 


Perhaps the author could claim for a“ 


small area installation higher vertical 


illumination levels than a luminous ceil 


ing of the same size would give But 


even this is doubtful and for the practi 
there is a simple 


eal lighting engineer 


way to prove it: the test. As far as hori 


distribution is concerned 
hardly by iu 


tween luminous eciling and indirect coffer 


zontal light 


there should difference be 


lighting and Mr. Harrison may be in for 


some criticism for Domina Eberle Spencer 
ind her group in this respect 


The author claims further that plastie 


used for transmitting light 


sheets as 


meaning for luminous ceilings) are now 


being installed in a more efficient way in 
the form of inverted domes “to approach 


performance efficiency of coffers in a 
By the way 


dome of St. 


comparable arrangement.’ 


why inverted domes! The 


Peter’s in Rome is surely not inverted 


Or is it? 


The plain facts are that better reflect 


ing materials than plaster, for instance 


aluminum or steel with appropriate finish 


or plastics are being used for reflecting 
the light. But surely Mr 


that the 


Harrison does 


not suggest same plastic sheets 


used in luminous ceilings for light trans 
mission and diffusion are now being used 


indirect coffer lighting 


type 


is reflectors in 
Would he not prefer a more opaque 
of plastic? 
Publications in ILLUMINATING ENGI 
NEERING are as a rule of a 


and the 


very 


high 


standard journal has aequired 


over the years a good reputation over 


seas. Even if statements and opinions in 


irticles and papers do not necessarily 
represent the policies or opinions of the 
L.E.S. it 


ments in articles to be 


is suggested that certain state 
published should 
be checked in order to keep up the desir 
able high standard, Less discriminating 


readers may get wrong ideas from an 


irticle like the one criticized, It is felt 
treatment of the matter 


that a simple 


would have given more justice to an idea 
which in its practical aspects has its un 
doubted merits. P. J 


Veon Ltd., Randwick, 


GRUNDFEST, Clave 
V.S.W., Australia. 


(Continued on page 22A) 
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Maintenance Factors for 
Industrial Fluorescent Luminaires 


In Table 9-2 in our Lighting Hand 
book, the maintenance factors for fluores- 
cent industrial luminaires are .65 for 
condi 
When 


an engineer uses say the .55 value in a 


good conditions, .55 for medium 


tions, and .45 for poor conditions. 
50-footeandle and the 
and the 


at the hundredth hour, he should read 


plan, system is 


installed, lights are turned on, 


not 50 footeandles, of course, but 50 
divided by 
Thus the system initially produces about 
40 footeandles foot 


1.8 times design foot 


55 or about 90 footeandles. 


more than design 


candles or about 
candles. For good conditions it would be 


15 times or 75 footeandles; for poor 


conditions, it would be 2.2 times or 110 
footeandles, 

No account seems to be taken of this 
initial head start in maintenance papers 


in LE. 
painting 


It seems to me that we have been 
little too black (or 
we choose initial foot- 


things a 
dark gray) when 
candles, as most authors do, as the base 
for maintenance lighting 
systems. Shouldn’t we rate maintenance 
(or lack of it) 
If we do not, we virtually ignore the en 


appraisal of 
on design footeandles? 
gineer’s foresight using a maintenance 
factor altogether. 

In the ten papers on maintenance pub 
lished by our Society in the past thirty 
Wylie in 1953, 
VandenBoom in 1951, Ja- 
1950, Tillemans in 1948, Moon 
1946, Gaetjens in 1945, 
Knapp in 1943, Holmes 
and Conklin in 1942, Gaetjens in 1942, 
and Anderson and Ketch in 1924 
initial footeandles. It seems to me that 
this fair to the me Be 
SraLey, General Electric Company, Cleve 


years, every author 


Egeler and 
cobus in 
and Spencer in 
Heitzman and 
used 


isn't designer. 


land, Ohio 


Total Luminaire Efficiency 


In order for an engineer or architect 


to properly choose between the use of 
different types of lighting equipment i> 
must now consult several sources of data. 
The 


has available information on the efficien 


luminaire manufacturer generally 


ey of his luminaires. From the manu 
facturer of the lamps there can be ob- 
tained data on lamp efficiency and in 
order to obtain cata on the power con 
sumed by the auxiliary it is necessary to 
consult the manufacturer of this equip 
ment. 

For a realistic evaluation of different 
types of equipment, all of the above in 
formation is The 
manufacturer, however, can by giving a 
single figure, which we shall refer to as 
the “total luminaire efficiency,” supply 


the most important information available 


necessary. luminaire 
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from the previously mentioned data. The 
total luminaire efficiency is equal to the 
luminaire (lamp lumens times 
luminaire efficiency) divided by the lamp 
wattage plus the wattage consumed by 


output 


the auxiliaries. 

This figure 
paring the various types of fluorescent 
lamps and auxiliaries available. It would 
serve also to clear up potentially mis- 
leading situations. For example, a hi-hat 
type of luminaire using a reflector lamp 
may have an efficiency of 100 per cent. 
A comparable lens type of downlight may 
have an efficiency of only 60 per cent. It 
would appear that the hi-hat is 67 per 
cent more efficient. The hi-hat, however, 
has a total luminaire efficiency of 10 
lumens per watt while that of the lens 
unit is 10.5 lumens per watt, completely 


would be useful in com- 


reversing the picture. 

It is suggested that luminaire manu- 
facturers list a value for total luminaire 
efficiency with their published luminaire 
This will give the engineer and 
architect a handy tool to help him in 
choosing his lighting equipment. Irvine 
E. Conen, Designer, 237 E. 92nd 8t., 
Brooklyn, N. Y. 


data. 
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John H. Waterbury, who retired last 
August as Chief Illuminating Engineer 
with Benjamin Electric Manufacturing 
Co., was elected to the grade of Member 
Emeritus of the LE.S. by action of the 
Council on April 10. Mr. Waterbury, who 
joined the Society in 1919, has made 
many contributions to the I.E.S8. and the 
lighting industry through both his origi- 
nal work and his service on the Society’s 


technical committees. 


Carter Lewis, Union Electric Co. of 
Missouri, St. Louis, has been appointed 
Vice-President of the Midwestern Re- 
gion to fill the vacancy left by the resig- 
nation of C. B. Pederson. Mr. Lewis 
appointed by action of the I.E.S, Coun- 
cil on April 10, will serve in this office 
until September 30, 1954. 


Dan Dunne is leaving Lighting Prod- 
uets, Inc., Highland Park, IL, on May 
15, to accept the position of President 
Electric Co., in Erie, 
cable 


of Penn Union 


Pa., manufacturers of electrical 


connections. 


R. W. McKinley has joined the Prod- 
uct Development Dept. of the Pittsburgh 
Plate Glass Co. as Technical Representa- 
Mr. McKinley was formerly a 
Development Engineer with Pittsburgh 


tive. 


Corning Corp. 
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J. Roy Jones, of Westinghouse Lamp 
Division’s commercial engineering depart- 
ment in Bloomfield, N. J., has been pro- 
moted to the status of regional engineer, 
W. B. Gero, department has 
announced. Mr. Jones, who has been with 
Westinghouse for seven years, has been 
assigned to the company’s Los Angeles 
office. He assumed his new post early in 
April, replacing E. F. Larson, who has 
the company’s Electronic Tube 
Mr. Jones, chairman of the 
L.E.S. Committee on Lighting Design 
Practice, is co-author with J. J. Neid- 
hart of a series of studies on methods of 
making interior lighting calculations. 


manager, 


joined 
Division. 


T. C. Hugh, of the Frink Corp., will 
attend the meeting of the British LE.S. 
at Southport, Englund, May 18-21. He 
is addressing this conference for our 
Society, describing the activities of the 
LE.S, 


DeWitt C. Herrick, manager of the 
Plant Engineering Dept. of General 
Electric’s Lamp Division at Nela Park, 
Cleveland, retired from active service 
March 31. He will be succeeded by 
Herman M. Filkins, who has been serv- 
ing as assistant manager of the depart- 
ment for the past year. 


Wakefield Lighting Ltd., London, 
Ont., has made three additions to the 
sales-engineering staff. Pacific Distrib- 
uting Co., Ltd., Vancouver, B. C., will 
represent Wakefield under the direction 
of BE. W. Thompson, sales manager. 
A. H. BR. Louden, Edmonton, Alta., will 
be in charge of that area. J. W. Hen- 
£0n will represent the company in To- 
ronto. The London plant at 395 Welling- 
ton Rd. South, which had its official 
opening April 27, will be under the 
direction of Ralph A. Yates, vice-presi- 
dent and general manager of the com- 
pany. 


Professor D. M. Finch of the Univer- 
sity of California is doing official test- 
ing on the West Coast for the Electrical 
Testing Laboratories, Ine. of New York 
City. 


Advance Transformer Co., Chicago, 
Ill., has announced the election of Max 
D. Orr as Vice-President in charge of 
sales. Mr. Orr was formerly general 


sales manager. Also elected as Vice- 
President in charge of engineering was 
Albert E. Feinberg, who has been asso- 
ciated with the company since 1946 as 


chief engineer. 

Carl L. Krueger has been named sales 
manager of Radiant Lamp Corp., New- 
ark, N. J. He was Western District 
Manager at the company’s Hollywood, 
Calif., office for the past six years. 


(Continued on page 25A) 
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| f\custi-luminus ceilings © 





ABOVE — new genera! offices of the 
DORMEYER CORP., Chicago 

This space was formerly an old loft 
cluttered with beams, pipes, ducts, 
and sprinklers. Now all these are 
hidden by the Acusti-Luminus Ceiling 
ARCHITECT: Victor L. Charn, 
Ragnar Benson, Inc., Engineers and 
Builders, Chicago 





INSTALLED BY 
LEADING FIRMS 
COAST TO COAST! 


Here are a few of over 2800 
installations in 37 states—in 
factories, offices, drafting 
rooms, critical work areas, 
stores, banks, schools, 
libraries, utilities, and public 
buildings: 

American Airlines, Inc 

American Broadcasting Co 

American Cyanamid Co 

Boston Edison Co 

Chattanooga Power Co 

CBS (Television City) 

Consolidated Vultee 

Aircraft Corp. 

John Deere Co 

Douglas Aireraft Co., Inc 

Filene’s of Boston 

General Motors Corp 

National Broadcasting Co 

Republic Aviation Corp 

Trans World Airlines, Inc. 

Union Carbide and 

Carbon Corp 
Zellerbach Paper Company 














NATION'S LEADING PRODUGER OF LUMINOUS CEILINGS 


give you low-cost control of 
light, sound, and air flow! 


You solve three problems when you specify 
modern Acusti-Luminus Ceilings 


1. EVENLY DIFFUSED LIGHT! Actually 
superior to daylight! No shadow! No glare! 
This uniform diffusion is achieved by 
suspending lightweight corrugated sheets of 
Lumi-Plastic below fluorescent lights. The 
result is a solid “ceiling of light’’—low in 
brightness—of any intensity! 


2. EXCELLENT SOUNDPROOFING! 
Acoustical correction is provided by noise- 
absorbing Acusti-Louvers which may be 
hung at intervals below the Lumi-Plastic. 
These fins also louver out the view of the 
ceiling. 


3. LOW VELOCITY AIR FLOW! The plenum 
above the Acusti-Luminus Ceiling may 
serve as an air supply source for both heat- 
ing and air conditioning. Provides extremely 


| 
| 


a 


4 f 


low velocity distribution of conditioned air— 
through '4-inch air spaces— without the use 
of grilles or diffusers. 


install UNDER sprinklers! Labeled by Under- 
writers’ Laboratories for installation under 
sprinkler systems—with no change in fire 
insurance rates. In event of fire, the plastic 
(which does not support combustion) softens 
and falls to the floor so sprinklers function 
normally 


Does so much—costs so little! Both initial 
cost and maintenance costs are less than for 
conventional ceilings with the same illumi- 
nation and sound correction. 


For remodeling or new jobs! In old buildings, 
it hides pipes, cracks, ducts, and other eye- 
sores. In new construction, it offers un- 
limited design possibilities. For more infor- 
mation, mail coupon below. 


mail coupon for 


FREE BOOKLET! 


LUMINOUSCEILINGSINC. Please rush me a copy of your 
2500 W. North Avenue 
Dept. 1E-5, Chicago 47, Ill. Luminus Ceilings 


FREE illustrated booklet giving 
more information about Acusti- 








RTH AVE... CHICAG 47, ILLINOIS 


e ili ” 
-, 


FFICE: 2500 W.N 
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CLEVELAND LOS ANGELES SAN FRANCISCO 
BOSTON WASHINGTON, D. ¢ MANSAS CITY SEATTLE 


PHILADELPHIA DETROIT CHATTANOOGA TULSA 
PITTSBURGH $T. LOUIS SALT LAKE CiTy MONTREAL, CANADA 


NEW YORK 
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give those bright young eyes 
a chance to stay bright with 





GUTH |SCHOOL) LIGHTING 











... sight-saving, low-brightness. No glare 
and gloom to haunt the classroom... no 
torturing eye-strain. Easier lessons, healthier, 


happier students and teachers. 


Fluorescent or incandescent—economical in 


purchase, installation and maintenance. 


Write for details on Guth school lighting today. 


THE EDWIN F. GUTH CO. ¢« ST. LOUIS 3, MO. 


Lenihene uw Lightu.g france Igo2 
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Continued from page 22A) 


John F. Baker hus 


for Westinghouse Lamp 


ippointed 
district engineer 
Division's North and South Carolina dis 
tract, with headquarters at the Charlotte, 
N. C. office Mr Saker 


regional engineer in 


formerly 


Atlanta 


was 


assistant 


Direetor 
Elec 


from 


Charles G. Pyle, 
of the National 


Distributors is « onvalesecing 


Executive 
Association of 
trical 
is reported on the 


recent surgery, and 


way to complete recovery 


Gordon Dille has 


relations for 


Westing 


been man 
aget of 
house Electric 


Mr. Dille 


publie relations activities of the head 


public 


Corp.'s Lamp Division 


will be responsible for the 
quarters plant in Bloomfield, N. J. and 
at the plants in Belleville and Trenton, 
N. J.; Fairmount, W. Va.; Richmond, 
Ky.; Little Rock, Ark Paris, 
Reform, Ala 


Texas, 


and 


The appointment of Lou Goren, to the 
New York staff of Smitheraft 
Lighting Chelsea, Mass., has 
been announced, Mr, Goren is an active 
New York Section of 


eurrently serving as Chairman of 


sules 


Division, 


member of the 
L.E.S., 
the Program 
Board of 


Committee and on the 


Managers. 


The advancement of three members of 
the sales organization of Westinghouse 
Lamp Division has been announced 
Charles E. Erb was named general sales 
manager; Russell E. Ebersole, market 
ing manager; and Herbert E. Plishker, 


merchandise manager. 


Phila 
delphia, has announced the election of 
Fred M. Pyle to the post of Vice-Presi 


dent in charge of sales and product de 


Metaleraft Products Co., Ine., 


velopment. 


Bernard Eichwald, 3, 


Fichwald and Co., Ine., 


resident of B. 
New York elec 
and contractors, has 


trical engineers 


been elected a member of the Young 


Presidents Organization, «a national 


group comprised of company heads un 
der 40 years of age whose firms do more 


than a million dollars annual business 


David B. Young and Lewis A. Stein 
berg have been appointed as sales engi 
Pittsburgh Reflector Co., 
soth handle 
the complete line of Pittsburgh Perma 
flector 
lighting 


neers for the 


Pittsburgh, Pa. men will 


and incandescent 
Mr. 


headquarters in New Orleans, will cover 


fluorescent 


equipment. Young, from 


the entire state of Louisiana and South 


ern Mississippi. Mr, Steinberg, from 


company home offices in Pittsburgh, 


will cover Western Pennsylvania, East 
ern Ohio and Northern West Virginia 
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OBITUARIES 





Dr. LeGrand Haven Hardy, one of th: 
nation’s authorities on the physiology of 
died 
it the age of 58%. Dr 


the eve, April 14 of a heart ailment, 
Hardy had for 
many years been a member of the Soci 
ety’s Committee 
ind Quantity for 

Dr. Hardy 


Ophthalmology at the 


on Standards of Quality 
Interior Illumination 
Professor of 


Physi 


Univer 


was Clinical 


College of 


cians and Surgeons of Columbia 


sity and associate attending ophthalmol 


ogist of Presbyterian Hospital in New 


York City. A leader in research of the 


eve’s behavior, he was known for his 


studies of the eye's response to light and 
and His most 


color its space perception 


included a final re 


Office of Naval 


recent publications 
port on his work for the 
entitled “The 


Binocular Space Perception,’ 


Research, Geometry of 


and a new 


test for detecting defective color vision 
American Col 
Medical 


Academy of 


He was a fellow of the 
Surgeons, the American 
New York 


American Ophthalmologica! 


lege of 
Association, the 
Medicine, the 
Society Research 
had 
Orthopti« 


Association of 
Hardy 


the American 


and the 
Ophthalmologists. Dr. been 
president of 


Council sinee 1938 


Harry E. Ingraham, president of the 
Holdenline Co., died April 13 at his home 
in Rocky River, Ohio. Mr 
been an active member of the Cleveland 
Section of 1.E.8S., since he joined the So 


ciety in 1939, serving as Chairman of the 


Ingraham had 


Section’s Program Committee, and Sus 
taining Membership Committee, and on 


the Board of Managers. 


8. H. Simonsen, past Chairman of the 
Section of I.E.S., 
recently at the age of 63 
with West 
inghouse Electrie Supply Corp. in Chieago 


Southern California 
passed away 
been 


Mr. Simonsen who had 


and Los Angeles for 
Ruby 


Chairman of his 


and 
had 
1951 


many years, 


later with Lighting Corp., 


been Seetion in 





NEW MEMBERS 








At the 1.E.8. 
held in New York, N. Y. on April 10, the 
elected to 


meeting of the Council 


following were membership 


Names marked * are transfers from Asso 


ciate Member grade 


ARIZONA CHAPTER 
tesociate Member 
Morairty RK. F 

tuckeve, Ariz 


Arizona Public Service 


\nk-LA-TeEX CHAPTER 

issociate Member 

Edge, H. I Jr... Weatinghouse Electric 
Co., Shreveport, La 


Supply 


TELECAST 


Lighting News of Current Interest 


Beriisnh COLUMBIA SkOTION 
Vember 
Doherty, T. H., British 


Ltd Vancouver, B, 


Fleet 


Columbia 


CAPITAL BECTION 

Vembers 

Bibb, J. 8 Giraybar Electric Co. Ine 
mond, Va 

Delano, G. M City of 
Richmond, Va 

Diggs, E. T 
Norfolk, Va 

Higgins k k 
Richmond, \ 

Morris, L.. ©. Box 449 

Peaseley, G. B., dr 114 8 
Va 

Williams ‘ \ 
Richmond, Va 

Woody Ww H City of 
Richmond, Va 


Richmond I 


Virginia Electric & Power 


Richmond Public Schools 
Salem, Va 
ird St Richmond 


Richmond Publix 


School 


Richmond, D.P.1 

taxociate Members 

Harris, T IP Jr fieneral 

Richmond, Va 

Me Crone Rk : 
mond, Va 


Electric Supply 
(orp 
fieneral Electric ¢ Rich 
William, Benjamin 
Richmond, Va 


Roberts, L. W LW 


Mason Electric Mfg. Co 


Roberts Co., Richmond 


h.. Edwin F. Guth Co, Richmond 
CAROLINAS SEOTION 
Wember 
Hulsart, J. J 
neering Co 


Electrical Contracting & Engi 

Charlotte, N. ¢ 

lseociate Member 

Stevens, E. D.. Carolina 
Raleigh, N. ¢ 


Power & Light Co 


CENTRAL ILLINOIS CHAPTER 
isxsocwate Member 
Carroll OF. O St 


i 


Francis Hospital, Peoria 


CENTRAL New York SkovTion 

Member 

(ioodman, R. H.. ¢ 
N.Y 

i xvociate Member 

Sullivan, J. F 
N.Y 


Hinds Co 


ous 


Walter } Daw Co., Svracane 
CHICAGO SECTION 
ixsociate Members 
DeVore a © Public 
i 
Doberstein, S. A 


Maywood 


Service ¢ 


Chicago Athletic Association 
Chicago, Ill 

Kacemarek, RK I, Benjamin Electric Mfg 
Co Des Plaines, Il 

Kroger, C. H., Sylvania Electric 
Melrose Park, Il 

Lalish, T. P., Holabird & 
cago, Ill 

Olsen, K. J 
Plaines, Ill 

Unnewehr, I 


Products Ine 


Root & 


Kureee, Chi 


Benjamin Electric Mfg. Co., Des 


i 


Valparaiso University, Va 


paraiso, Ind 


CLEVELAND SECTION 

Member 

Saveland, bh. W., The 
Ohio 

i ssociate Membera 

General Electrie Co, Cle 


Austin Co ' Cleveland 


Degner, F. B veland 
Ohio 
Hoermann, Ff W 
Ohio 


Lobas 


Ohio Edison Co Akron 


Mathew, (Cleveland Electric Hluminat 
Cleveland, Ohio 


Ohio Edison Co 


ing Co 
Rich, W. F 
Lawrence I 
Ohio 


Akron. Ohio 


minous Ceilings In 


Siegel 
Cleveland 


ComNntusker CHAPTER 
issociate Member 
Gandy, M. F 
Nebr 


General Electric Supply Co 


Omaha 
FLORIDA CHAPTER 
issociate Membera 
Emanuele, G. J.. Florida Council for the Blind 
Tampa, Fla 
McPherson, F. ¢ 
Petersburg, Fla 


6417 Tth Ave St 


FoREIGN NON - SROTION 

tesoriate Member 
Cohen, T. 1. H New Era Fluorescent 
Pty Ld 127 Anderson St 


burg, 8. A 


Light 
Johannes 
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GARCY Starliner 
Two-lamp and four-lamp units in 4 ft. and 
8 ft. lengths for standard or slimline lamps. 





ITS EASY 
MAINTENANCE 
LIKE 
TS EASY 
INSTALLATION 


it’s GARG 


for I appeal 


Garcy, by design, looks out for everyone’s interests... wins 
the approval of all who have a voice in specifying, installing, 
maintaining and paying for lighting fixtures. 


Consider the Garcy Starliner. Slim, trim and functional, this fixture has captured 
the fancy of architects and designers. It can be surface mounted to create the 
impression of built-in lighting...at a fraction of the cost. That's good for the 
man who pays the bill. He'll also like its long-life construction details...protective 
metal rails for the Alba-lite glass side panels, Garlite enamel that stands up 
like the finish on your car, louver cross-fins that are held under spring tension 
to prevent looseness, rattle or “sing: 
Ask any mechanic who has worked with the Garcy Adjustable Stem Hanger. 
He'll tell you what a time-saver it is...especially where there are ceiling 
obstruction or slopes. Ask any maintenance man about the convenience of 
re-lamping two Starliner fixtures from a single ladder position. For all 
concerned, Garcy means “Quality... by design’ Send for complete data sheets. 


Quality by Design 


GARDEN CITY PLATING & MFG. CO. 
1760 N. Ashland Ave., Chicago 22, Ill. In Canada: Garcy of Canada, Ltd., 191 Niagara St., Toronto 





26A ILLUMINATING ENGINEERING 





GIVE A FULL RANGE 
OF PROFESSIONAL 
LIGHTING EFFECTS 


Packaged Powerstat dim 
mers ore ideal for smaller 
theatres, summer stock 
churches, schools and 

leges, community halls, clubs 


Big switchboard dimming... blending... brightening 
AT SMALL BUDGET COST 


Packaged Powerstat light dimming equip- free light intensity control for “spots” or 
ment costs from $425.00 to $1,000.00 de- full “‘banks’’. Available in capacities to 
pending on the capacity with which you 12,000 watts. Installation is easy. Operation 
want to start. It is designed so that addi-__is simple. Unlike resistance type dimmers, 
tional units can be added as requirements Powerstat dimmers operate cool — no dan- 
and budget increase. gerous heat, and you only pay for 

These autotransformer dimmer assem- the current being used. Write for full 
blies provide professional, stepless, flicker- information. 


PSs SF SF SS SC VSS SSS = 


“ THE SUPERIOR ELECTRIC COMPANY 
5054 Demers Ave., Bristol, Connecticut 


SUPE abe). 4 ELECTRIC Please send me Builetin D651P 


Name.... 





, i Company 
5054 Demers Ave., Bristol, Conn. 


Manvfocturers of Powerstat Variable Tronsformers * Stabiline Automatic Volt- j 
oge Regulotors * Voltbox A-C Power Supplies * Powerstat Light Dimming . P 
Equipment + Voricell D-C Power Supplies * Superior 5-Woy Binding Posts Cc ity Zone State 


Se 


Company Address 


== ae ae ae a am ae om om ol 
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TROFFERS 


Years ahead in design.... 


TO GIVE RECESSED LIGHTING 


@ UNBELIEVABLE NEW BEAUTY 


e@ DISTINCTIVE DESIGN 


@ TRUE LICHTING 
EFFICIENCY 





SEND FOR COMPLETE CATALOG 


170 VERNON STREET, BOSTON 20, MASSACHUSETTS 





Lights Diamond ubilee 
1879-1954 


EXPERIENCE |S -—-GREAF TEACHER 


The year after electric street lighting first shone on the citizens of Phila- 
delphia, (1882) the Philadelphia Electrical & Mfg. Company was founded. 
The new company played its part in the early exper‘meniation and tests, and 
in the years since has been a leader in developments that are banishing the 
bogy of darkness from our streets and highways. 


Today, these years bear 
fruit in the modern Pemco luminaires and expert Pemco engineering that is 
available to all with street lighting problems. 


PHILADELPHIA ELECTRICAL & Mec. CO. 
1200 N. 31st STREET, PHILADELPHIA 21, PA., Offices in Principal Cities 


cAmerica’s “Pioneer Street Lighting Manufacturer 


still under its original name 








Heres Better 


HIGH-BAY LIGHTING 


...at lower costs! 


Noe J 


SYLVANIA 


Sylvania Electric Products Inc. yy” Broadway, New York 19, N. Y. 


in Coneda: Sylvania Electric (Canede) Lid., 
University Tower Building, St. Catherine S1., Montreal, P. Q 


LIGHTING - RADIO - ELECTRONICS - TELEVISION 


30A 


Brilliant, new Sylvania R-52 
Incandescent Reflector Lamps 
help raise production records, 
reduce maintenance. 


Results show that R-52 Reflector 
Lamps greatly improve factory seeing 
conditions and enable workers to step 
up production. 

The special reflector on the inner 
surface of this lamp is designed to con- 
centrate a clear, bright light directly on 
the working area. And, because the re- 
flector is sealed in, it cannot become 
smudgy from dust or smoke. The Syl- 
vania R-52 permits an upward compo- 
nent of cheerful, over-all reflected light. 
Thus, you get a better maintained level 
of light . . . at low maintenance costs. 

Sylvania R-52 Reflector Lamps are 
available in 500-watt and 750-watt 
sizes. For full details call your Sylvania 
Representative or write to Dept. 4L- 
3505, Sylvania today. 
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Genera 
Ca? @oest 
se ann Soo 
ave “ 
mee = 


NEW G-E SERIES 
BALLAST 


> ait 


NEW G-E LEAD-LAG 
BALLAST 


fiecraic w 


New G-E Series and Lead-lag Ballasts 
...cCompare and Choose for Yourself 


Here is a comparison of G.E.’s two new 
ballasts for operation of 96T12 lamps at 
425 ma. Catalog No. 89G496 is the newly 
designed series ballast——-smaller, lighter, 
quieter. Catalog No. 89G490 is the simi- 
larly redesigned lead-lag ballast. 

BOTH BALLASTS ARE CBM CERTIFIED 
and contain that full measure of extra 
quality which G-E engineers into every 
ballast, but the series ballast, by its 
inherent design characteristics, gives you 
more value for your dollar. However, if 
you prefer lead-lag instead of series, the 
new lead-lag ballast has been designed to 
give you the most value compared to 
other lead-lag ballasts. 

THE SERIES BALLAST gives you equivalent 
performance, in accordance with lamp 
specifications, and offers a substantial 
savings in cost and size. At right is a 
comparison of these two General Electric 
ballasts. The major areas of difference are 
printed in bold face. You can see that the 
series is less expensive, uses less line cur 


rent, has less wattage loss, weighs less, 
has a quieter sound rating, is smaller 


Compare and choose for yourself 


For further information on either series 
or lead-lag ballasts, write to Section 
401-6, General Electric Co., Schenectady 
5, New York 





SERIES 896496 


LEAD-LAG 896490 





110-125 
60 Frequency 
1.55 
A425 
28 Watts Loss 
90% 

$10.15 





73 Nominal lamp watts 73 
Circuit voltage 


Line Current in Amps 
Lamp Current in Amps 


Min line power factor 
List Price Each 

6 No. Units per Package 6 
Approximate Ship weight 
o Sound Rating 

Over-all length 

Mounting Length 


110-125 
60 

1.60 
425 

36 

90% 
$12.60 


T4 
E 
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MONTREAI SECTION COTTAWA 
, Wember Vember 
wal he . 

Bina, J. H Dominion Textile Co 


. Wilson, J. P. P.O 
treal, Que 


( HATER 


tox 163, RK 
bore, Ont 


AND SECTION PHILADELPHIA 

Wember iexociate Member 

Pucei, J. ¥ ue ‘ o.. In tigley, F. P.. Pittsburgh Pls 
| | Philadelphia, Pa 


SECTION 


(esociate Member 
“ umes, KR. H Sy 


PiTTsRUkGH 
' Members 
lhanve M ass 


SERCTION 


Blakesles »D W 1211 Morningside Ave 
" Pittsburgh Pa 
\ew ORLEANS SeOoTH 


a Sith ae F. D.. Gener ‘ } Pittsburgh, 
ievociate Members 
teckman. A. F Ir Reflector Co 
Pittsburg? Pa 
Stauff, WS 
Pa 


Giener Pittsburgh, 
PreeT Sous 
lavociate Members 
teck \ I Ko " & tiriffit 
Was 
lDennia, K. R North wes ‘ ».. Seattle, 
Wash 
Freeman, G ‘ ‘ ‘ " 
RI Dierck WwW M Wo Associate, 
sloomfeld Seattle, Waal 
mngeeen \ rti 


Seattle 


Horne, 1). S.. Industria ere Seattle 
Ridge, N J Wash : 
tasociate Membe Mackey, George, DeWitt CC. Griffith & A. K. 
Solomor ‘ ’ 00 Stillmar Seattle Wash 
tome gles, DD. K Jr 10254 Sth Ave - we 
Seattle Wash 
York Sutherland, H. L.. 8 
Seattle, Wash 
SKOTION 


Workman, R.A 05 W. Holly 
iate Membe 


eattle First National Bank 
NORTHERN CALIFORNIA 


St Bellingham 
Was) 
Holzmueller Stauwe Lighting SAN Dtkoo CHAPTER 
Calif issociate Membe 
Rich Ir Ca 
NORTHWESTERN Chitke ( HATERS Calif 
Member 


Me Davitt Murra 


Toledo. Ohi« 


Diego, 


Chwens- Illinois SOUTHEAST FLORIDA CHAPTER 

issociate Members 

Eve «ky Sevmour ' Lighting Ine., 
Mian Fla 


Sears, K J 


Fla 


(Y Donovan, Ine Miami, 


Continued on page S4A) 


L & P FIXTURES are made in our own 
plant from start to finish 


From the very first shears that cut the 
L & P 


metal to size, 
fluorescent and slimline fixtures are made right 
in our own plant, every step of the way. That's why we 


can assure you of the right light for each specific job 





We're equipped to assist you in planning and research 
and then to go ahead and manufacture the complet 
iixtures to your parti ular requirements 


For the quality of “custom-made” at the cost of stand- 
ard fixtures, write or wire for our catalog and prices 
‘5 Firestone Blvd today Distributed by Electrical Wholesalers Only. 
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light for a dollar? 


In lighting, first costs are not real costs! Real costs 
are the sum of the first costs including installation 
and operating and maintenance expenses during 


the life of the system. 


Time and again, fewer Smitheraft lighting units 
are required to produce recommended lighting 
results. Because fewer Smithcraft units are re- 
quired, your first cost is lower, but your really 
big savings are in the lower pewer costs and lower 
maintenance costs that go with fewer units. 


On a typical factory installation lighting 20,000 


PHOTOGRAPH SHOWS INSTALLATION OF 4450 SMITHCRAFT A 


L 


square feet of floor space, for example, the 
Smitheraft A. L. S. 


save roughly $8,000 over a ten-year period, when 


Factory Lighting Unit will 


compared with a typical industrial fixture with 
6-10% up-lighting (design and performance con- 
forming with RLM standards). So, it’s possible to 
enjoy the benefits of the finest lighting that money 
can buy and effect really substantial savings at 


the same time, simply by buying the right fixture, 


Ask us to send you our A. L. S. Factory Lighting 


Folder, 


S. UNITS LIGHTING 397,000 SQ. FT. TO 75 FOOTCANOLES 


T FLUORESCENT LIGHTING by 


LIGHTING DIVISION 


CHELSEA 50, MASSACHUSETTS 








mi SOUTHERN CALIFORNIA SECTION TORONTO SECTION 

Employment Opportunities Mombore Associate Member 

Decker, . Northrop Aircraft In Ana Me Donald H. J Black & McDonald 
' Toronto, Ont 





LIGHTING ENGINEERS AND ‘ Ralph ft | Ime Los 
SPECIALISTS alien , Uran CHAPTER 
proneer in the lighting industry ail i ssociate Members 
4 Nev - sesstan “Date”: Be nag i ‘ ; ectric ) Angeles Maughan P. ¢ Mine & Smelter Supply 
Most territories open Write giving full par Salt Lake City, Utah 
tieulars. Correspo held in strictest con Douglas Aircraft ‘ Santa Merrill D. M Ariel Davis Mfg. Co 
fidence Address Hox 202, Publications Office, onic ali Lake City, Utah 
Ilumineting Engineering Society, 14860 Broad . Sunbeam Lighting Co Los Peterson, } D.. Utah Power & Light 
way, New York y " Salt Lake City, Utah 
Douglas Aircraft Co. Inc., Santa Richardson % &. Stevens Sales Co., Salt 
| Lake City, Utah 
re ge SPBCIALION AVAILABLE y Superior Electric Co Holly Williams. R. S Rex W Williams & Sons, 
ablie uti y lighting espe: ialist 25 yeare ex 
perience in sales and al yp 0 ighting lay 
out and design A sstomes rabi appear 
ances. Prefer Mid Weat ‘ married SOUTHWESTERN SEOTION VANCOUVER ISLAND CHAPTER 
Address Box 204, P atio ee, Ilumi iesociate Member Associate Members 
mating Engineering Sock 10 Broadway taker, J. W., Jr., Baker Electric Co Geddie, J. R. F., B.C. Electric Railway Co 
‘ew York 2 a Ltd., Victoria, B. ¢ 
Taylor, RK. W 617 Seollard Bldg Victoria, 
B. ¢ 


Salt Lake City, Utah 


COMMERCIAL ENGINEER WANTED 

Kesponsible position svailable with major WESTERN MICHIGAN CHAPTER 
manufacturer of lighting equipment involving . 

design of special lighting layouts, preparation dissociate Members 


of technical literature and technical training WANTED Elliott, R. L., L. R. Klose Electric Co., Kala- 
Mich 


of sales personne Kequirements l Engi mazoo, 


neering degre« 2) Minimum of five years of Gelders, K. H Appleton Electric Co., Chicago, 
application engineering experience in field of ILLUMINATING Il 
illumination. Write full details as to age, ex Goodwin, Richard, Bell-Lourin Electric Supply 


Madential, Address Box 210, Publications ENGINEER Co., Muskegon, Mich 


confidential Address Box 210, Publications 
Office, Iuminating Engineering Society, 1860 
Broadway, New York 23, N. Y ; We are a long established, nationally Western New York Srction 

known manufacturer of fluorescent and dissociate Members 

incandescent lighting equipment, and Brucklier, J. J Niagara Electric Fluorescent 
LIGHTING DESIGNER SALESMAN we need an illuminating engineer. Fixture Co., Inc., Buffalo, N. ¥ 

A long recognized New York manufacturer of He must be a graduate Electrical En- Gauthier, L. P., Sylvania Electric Products 
Ay 4 rx | ae ae od de gineer and must have well rounded ex- Ine.. Buffalo, N.Y 

signer to make full size working drawings If perience in lighting fixture manufac- Haskell, R . I. Robertson Electric Co. Inc., 
the applicant i« conversant with Architects and turing Buffalo N Y —r 
Engineers and desires part-time selling, we are Give complete details in first letter. Jones, C. G., Walter H. Sherry, Buffalo, N. Y. 
prepared to turn over active accounts that All replies confidential. Our employees 
would further increase earnings. Salary, com know of this ad. Salary open. 

mission and Pension Plan to provide high Associate Members 

brecket income, All replies held in strict con Address Box 212, Publications Office, Morgan, J. B., F. D. Bolton Ltd., Edmonton 
fidence. Send complete resume to Box 211, Hiuminating Engineering Society, 1860 Alb. . 
Publications Office, Iliuminating pngincestag Broadway, New York 23, WN. Y. Robertson, A. T., Crowther MacKay & Asso- 


Society 1860 Broadway New York 23, 





WINNIPEG CHAPTER 








ciates Ltd., Edmonton, Alb 





SUNBEAM THROWS LIGHT ON PETROLEUM RESEARCH 


wide 55 YF ype ur } 


SUNBEAM’ LIGHTING COMPANY. 777 East l4th Pl.. Los Angeles 21, California 
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KESCO 


Non-ferrous 


SHALLOW DEPTH 
CANOPY FIXTURE 


KESCO recessed can- 
opy fixtures are ideal for 
installation in poured 
concrete exterior can- 
opies, where rugged 
construction, shallow 
depth, and durable finish 
and materials are re- 
quirements. 





Underwriters Approved — 
File E25276 


Manufacturers Representatives: 


@ 4%” Depth 

@ 10%” Square 

@ 7/32” Wall Thickness 

@ Cost Aluminum Box 

®@ Separately Detachable 
Two-Piece Satin Finish 
Cast Aluminum or 
Bronze Frame 

@ Drop Hinge Assembly 
for Easy Bulb Replace- 
ment and Cleaning 

@ Approved for One 150- 
Watt Incandescent Lamp 

@ Flot or Drop-lens Type 


A limited number of territories are still open. We invite your inquiry. 


32A « cs S Cc & K-E SALES CORPORATION 


P.O. Box 2228 Gardner Station 
St. Louis 9, Mo. 


ornamental 
LIGHTING 
FIXTURES 


of genuine bronze 
or of 


wrought iron 


We are “just your size’—big enough to produce 


34A 


any lighting-fixture job, however intricate or ex 


Sunbeam Lighting Co. 


tensive; small enough to give every job our per 


and to produce 


27A 


sonal attention and supervision, 


Superior Electric Co. 


lighting equipment of the finest character in every 


detail 


Sylvania Electric Products Inc. 30A 


Write for profusely illustrated catalog 


F. W. Wakefield Brass Co. 14A 
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300 volts 


from lamp to ground for 


dependable starting of rapid-start lamps 
with Sola Constant Wattage Ballasts 


The voltage from the electrode in a rapid-start fluorescent 
lamp to the grounded fixture (an important starting aid) 
is important for dependable starting. The higher this 
voltage, the more positive starting will be. Conventional, 
autotransformer-type rapid-start ballasts provide only 
180v across lamp-to-ground. Sola Constant Wattage 
Ballasts provide 300v with perfect safety. 

This extra 60‘; voltage from lamp to ground is one of 
the advantages that results from Sola’s patented, double- 


wound, constant wattage circuit. In addition, lumen 


Reduces relamping . . . keeps lumen ovurput constant 


output is maintained constant within +2‘? regardless of 
line voltage fluctuations from 106-130v. 

Close the switch — a Sola ballasted rapid-start fixture 
will start even under adverse conditions of temperature, 
humidity and lamp age. This positive starting character- 
istic also prolongs lamp starting life. 

If you manufacture, fixtures, or specify, cperate, or 
maintain lighting installations, look into the benefits of 
a constant wattage ballasted rapid-start system. A Sola 
sales engineer will be happy to give you all the facts. 


Constant Cold Cathode Lighting 
4633 W. 16th Street, Chicage 50, tMlinois, Bishop 2-1414 © 


SOLA HLECTRIC CO. 
PHILADELPHIA, Commercial Trust Bidg., Rittenhouse 6-4988 
CLEVELAND 15; 1636 Euclid Ave., PRoapect 14400 © 


BOSTON, 272 Centre $t., 
Jefferson 4382 


KANSAS CITY 2, MO.; 406 W. 34th $1., 





CBM Certified Ballasts , 


are Tailored to the Tube 
coe fe make your © dollar go farther 
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The heart of a fluorescent fixture is the Ballast. 


Best lighting performance is assured by accurately 


matching ballasts to fluorescent tube requirements. 


CERTIFIED BALLASTS are so matched. Built to ex- 
acting specifications designated by the Certified Ballast 
Manufacturers,* tested, checked and Certified by 
ETL, CERTIFIED BALLASTS truly are “Tailored to 
the Tube"’ 
Se 
That's \pb-eninirie | BALLASTS assure: 


(ONG LAMP LIFE FULL LIGHT OUTPUT 


LONG BALLAST LIFE FREEDOM FROM OVERHEATING 
QUIET, TROUBLE-FREE OPERATION 


See 


ind that's why, today, the large majority of fluorescent fixtures for 


? general lighting service are equipped with CBM Certified Ballasts 


PAMIFIED BALLAST MANUFACTURERS 


*Nine leading manufacturers make CBM CERTIFIED BALLASTS. 


2116 KEITH BLDG., CLEVELAND 15, OHIO 





WESTINGHOUSE 


Fluorescent Lamps Age Only 20% 
After 7500 Hours...00 yours? 


You are looking through a 2600 power microscope at Standard Fluorescent Lamps age only 20°, after 7500 
minute particles of phosphor powder. This powder coats hours of daily use. See for yourself how Westinghouse 
the inside of your fluorescent lamps and controls the — Lamps start bright, and stay bright even after 7500 hours 
light output. For peak light output, both initially and. . . by trying some next time you order. 

throughout lamp life, the particles must be uniform to 

within a few microns. This uniformity, visible in the For details, contact your Westinghouse Lamp Sup- 
photomicrograph above, is one reason Westinghouse _ plier, or Westinghouse Lamp Div., Bloomfield, N. J 


you CAN BE SURE...iF iTS 


Pe Nanas Westinghouse 





